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PREFACE 


The supply of oil suitable for the lubrication of industrial, marine, 
and automotive equipment is very largely controlled by the types and 
quantities of crude petroleum available for refining. In the early 
days of industry animal and vegetable fats and oils, such as lard oil, 
tallow oil, sperm oil, and castor oil, were used almost exclusively, 
and even to-day for certain purposes these oils are probably superior 
to any known substitute. For example, in ‘‘running-in”’ a close- 
fitting machine bearing lard oil is often used, as it has the property 
of penetrating between metal surfaces and maintaining an oily film 
under great pressure. This property also makes it a valuable lubri- 
cating oil for lathe tools and other metal-cutting equipment. Certain 
marine-animal oils are known to be eminently suited for lubricating 
fine machinery, such as clocks and chronometers. For the general 

| lubrication of engines, motors, and other machinery however, it is 
- necessary to rely on petroleum oils. 

- Although the output of lubricating oils is a relatively small part of 
. the total production of the petroleum refineries in this country, the 
- following table shows that the manufacture of petroleum lubricating 
: oils constitutes an important industry in itself. 


Yearly production of petroleum lubricating oils 


Year ! Gallons Year Gallons 
Wt cec tow ceerese ee oes 754, 000, 000 |} 1922........-...2 22 eee eee 079, 000, 000 
LON eg ia as ule ce 841, 000, OOO || 1923......2.. eee ee lee 1, 097, 000, 000 
VOD ard ote gee oe tae ee era 2 847, 000, 000 || 1924......-- 22. eee 1, 155, 000, OGO 
7 | EE ede OR eR a 1, 047, 060, 000 
Wie a csw asks eek bee eee 878, 000, 000 


| 7, 598, 000, 000 
: { 


: The production of animal and vegetable oils in this country is 
_ larger in the aggregate than the production of petroleum lubricants. 
' As animal and vegetable oils, however, are used largely to make such 

products as paints, varnishes, and soaps, and, moreover, are an 
. Important part of our food supply, very little of the total output is 
| available for lubrication. This statement is confirmed by the fact 
| that at the beginning of 1925 petroleum lubricants sold at whole- 
| Sale prices ranging from 10 to 50 cents per gallon, whereas the prices 
of animal and vegetable oils ranged from 60 cents to $2 per gallon. 

_ Obviously, if any large demand were to be made on the supply of 

these fatty oils, prices would at once increase, so that the oils could 

' not be used economically for general lubrication. 


It 
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IV PREITACE 


Two distinct types of lubricating oil are made from petroleum, 
and they differ fully as much in their characteristics as do anthracite 
and bituminous coal. The terms “paraffin base’ and “naphthene 
base” are often used to describe these oils, but these terms require 
definition and explanation. In brief, it can be said that a ‘“‘ par- 
affin-base” oil is mainly composed of hydrocarbons with relatively 
high boiling points, low specific gravities, and low viscosities. A 
‘‘naphthene-base”’ oil is composed of hydrocarbons with relatively 
low boiling points, high specific gravities, and high viscosities. 
Probably different series of hydrocarbons predominate in different 
oils, but few data are available to show what series are present or in 
what proportions in any commercial lubricating oil. Such analyses 
as have been made, however, indicate the predominance of cyclic 
compounds—in other words, ‘paraffin-base” lubricants contain 
parafin hydrocarbons only as minor impurities. The chemistry 
of petroleum lubricants is a subject that needs investigation. | 

Although from the standpoint of the chemist the subject is obscure, 
practical experience has shown that for most purposes suitably re- 
fined oils of either base may be used with equal satisfaction. Cer- 
tain differences in behavior do exist, however, and in selecting an oil 
for any particular purpose it is important that proper specifications, 
based on actual service needs, be used; that is, a specification that 
would cover a satisfactory paraflin-base oil might not insure good 
service if applied to a naphthene-base oil, and vice versa. 

Furthermore, the requirements for different types of service differ. 
One can not assume that because an oil must have certain character- 
istics for one class of service it must also have the same characteristics 
for another class of service. The present paper well illustrates this 
fact. That oil for use in steam turbines will be satisfactory in pro- 
portion to its resistance to emulsification with water has long been 
recognized. To manufacture an oil for use in steam turbines re- 
quires especial care and skill; generally, therefore, a nonemulsifying 
turbine oil commands a higher price than an oil that emulsifies 
easily. The assumption has often been made, however, that oils 
that resist emulsification are also better for other uses; for instance, 
are superior lubricants for automotive equipment, such as motor 
cars and trucks. That this assumption is not necessarily true is 
shown by the present report. 

Four pairs of oils, each pair made by a different refiner from Cali- 
fornia crude petroleum, were tested in an engine of a type commonly 
used for a motor-bus service. The test was severe, the engine ruD- 
ning continuously for 8 hours at high speed under nearly full load. 
No oil was added during the test period. Consequently, if differ- 
ences in the oils were of importance they should have caused varia- | 
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tions in the operation or in the mechanical condition of the engine 
or in the characteristics of the oils themselves after use. 

One oil of each pair was nonemulsifying and had a low alkali- 
absorption number. The other oil of each pair emulsified readily 
and had a high alkali-absorption number. As shown in detail in 
the body of the report, each oil was analyzed both before and after 
we, and the results on engine conditions of the use of each oil were 
carefully studied. It was concluded that ‘‘ Differences indicated by 

ulkali-absorption numbers (and emulsion, demulsibility, and oxidation 
numbers) are without significance with regard to engine service.”’ 

This conclusion, especially if checked by other investigators work- 
_ ing with other oils and different engines, is important as indicating 
- that for use in automotive equipment oils need not be refined to as 
high a degree as for use in turbines and similar machinery. It in- 
dicates that savings may be made in present refining processes, and 
presents possibilities of successfully utilizing crude oils that to-day 
ure not being refined to make lubricants. 

One of the chief interests of the Bureau of Mines is the conserva- 
tion and economic utilization of mineral products, including petro- 
lum. The bureau is endeavoring to answer such questions as these: 

1. Will the supply of lubricating oils be adequate if there should 
be a shortage of petroleum? 

2. What are the effects of various refining methods on the charac- 
teristics of lubricating oils? 

3. What types of lubricating oils can be made from so-called ‘‘fuel 
ol” crudes? 

4. What types of lubricating oils can be made from other mineral 

sources, such as oil shale and coal tar? 

_ The present report and its conclusions are a part of this general 
study. For the bureau’s work a detailed study of what constitutes 
a good lubricating oil for each type of service is unnecessary. One 
ol that is known to be fairly satisfactory in automotive service has 
been adopted as a reference standard, and other oils are compared 
with this reference oil. 
F. B. Touaa, 
Former Chief Petroleum Engineer, Bureau of Mines. 


(30 gle 


: 
| 
| 
| 


ee 


ENGINE SERVICE TESTS OF INTERNAL-COMBUSTION ENGINE 
LUBRICATING OILS MADE FROM CALIFORNIA CRUDE 
PETROLEUM 


By Martin J. Gavin! and Gustav WapE? 


INTRODUCTION 


PURPOSE OF WORK 


The investigation covered by this report was agreed upon by the 
American Petroleum Institute and the United States Bureau of 
Mines, March 5, 1923, and approved by the Secretary of the Interior, 
March 6, 1923. The purpose of the work, as stated in the cooperative 
agreement, was ‘“‘to make engine tests to determine the relative 
merits of western oils* that do and do not pass the acidity and 
emulsion tests as set forth in Technical Paper 305,‘ Bureau of Mines, 
for class C oils.”’ 
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‘agineer in charge of the San Francisco office of the bureau. 

ee eae 

P Lubricating oils manufactured from California crude vetroleum by California refiners. 


8pecifications for Petroleum Products Adopted by the Interdepartmental Petroleum Specifications 
» Effective Jan. 23, 1922; Amended Mar. 1, 1922: Tech. Paper 305, Bureau of Mincs, 1922, p. 14. 
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2 INTERNAL-COMBUSTION ENGINE LUBRICATING OILS 


EQUIPMENT AND APPARATUS 
ENGINE AND DYNAMOMETER EQUIPMENT 


Engine.—The engine used (fig. 1) was a modified Hall-Scott four- 
cylinder engine of the following general specifications: Bore, 4 inches; 
stroke, 514 inches; compression ratio, 4.83 to 1.00. 

Valves and valve timing.—Overhead valves in dome-type head. 
Valves actuated by overhead cam shaft operated by chain-belt-and- 
gear drive on front of engine. 

Carburetor.—One and one-fourth-inch Zenith fixed jet, model L-—6. 
Jet, 1.00 mm.; compensating jet, 1.10 mm..: idling well, 0.60 mm.; 
and Venturi, 26 mm. 

Lubrication.— Full pressure, operated by a gear pump in front 
end of crank case. System supplies a constant stream of oil to valve 
mechanism on engine head, as well as to crank shaft and connecting- 
rod bearings. Return oil from head flows to crank case at front end 
of engine. 

Ignition.— Magneto. 

Spark Plugs.—A. C. plugs, situated just below intake valve. 

Cooling.— Water circulated by centrifugal pump driven by exten- 
sion of magneto shaft. In these tests the cooling water was 
circulated through a radiator submerged in a tank of water whose 
temperature was carefully regulated. 

Gasoline supply.—Thirty-gallon tank supported on balance and 
feeding by gravity to carburetor. 


ADDITIONAL EQUIPMENT FOR EXPERIMENTS 


A thermometer in the intake-air line just ahead of the carburetor 
indicated the intake-air temperature. By adjustment of a slide 
covering the port in the air line from stove to carburetor, intake-air 
temperature could be held at the desired point. To assist in regu- 
lating intake-air temperature, an electric fan directing a stream of air 
to the air-intake port was used when necessary. A thermometer in 
the crank-case sump indicated the temperature of the crank-case oil, 
and whenever necessary this temperature was kept down by another 
electric fan blowing air on the crank case. 

An orifice meter in the water-cooling system indicated the relative 
amounts of water circulated, and thermometers in the water inlet and 
outlet pipes indicated temperatures of incoming and outgoing water. 

Pressure of oil in the circulating system was indicated by a pressure 
gauge of the usual type. Intake-manifold pressures were indicated 
by a mercury manometer (closed barometer type to indicate absolute 
pressure) connected with the intake manifold between carburetor and 
manifold branches. 
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FIGURE 2.—Dynamometr and switchboard 
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OILS USED IN TESTS 3 
DYNAMOMETER 


The engine was connected by a flexible coupling to a Sprague elec- 
tric dynamometer, type T. L. C. 24 (fig. 2). This dynamometer 
permits direct weighing of torque and by a simple calculation the 
determination of horsepower output. Standard auxiliary equipment 
included an electric tachometer, a revolution counter, field and load 
theostats and contactors, a device for metering gasoline, a voltmeter, 
and an ammeter. 


CONDITIONS OF OPERATION OF ENGINE 


After preliminary tests the conditions adopted for the engine 
service-tests of the oils were as follows: 

1. Duration of test, 8 hours. 

2. Speed, 1,600 revolutions per minute. 

3. Load, 0.8 full throttle, as indicated by intake-manifold p-essure. 

4. Temperatures, sump oil, 185° F.; jacket water, constant at a value that 
would maintain 185° F., oil temperature; carburetor air, 150° F. 

5. Fuel consumption, constant within +2 per cent (approximately 0.60 pound 
per horsepower hour). . 

6. Fuel, same fuel (domestic aviation gasoline) *® used throughout test; crank- 
case dilution not to exceed 114 per cent as determined on final sample of used oil. 


OILS USED IN TESTS 


It was decided to limit the present investigation to oils similar in 
general character to oils of class A, medium grade, and class C, 
medium grade, * which differ mainly in emulsion and alkali-absorp- 
on? characteristics. 

Each of the four cooperating companies furnished for the tests 
two medium-grade oils, one having an alkali-absorption number of 
0.1 or less and emulsion characteristics which passed class C require- 
ments,° the other having an alkali-absorption number as high as 
possible and emulsion characteristics which would not pass class C 
requirements. It was stipulated that the oils from any one company 
Were to be made from the same crude and to be as nearly as possible 
\dentical in all respects except as to alkali-absorption numbers and 
‘mulsion characteristics. It is to be fioted that none of the oils 
Were necessarily to be commercial products, and any or all of them 
may have been made especially for this investigation. 


fase Paper 305, Bureau of Mines, p. 3. 
_ Jechnical Paper 305, Bureau of Mines, pp. 12-13, and 14-16. 

In this report the expression ‘‘alkali-absorption’’ is used instead of the expression ‘‘acidity,”’ since the 
Pfs acidity of these oils is not corrosive. Alkali-absorption number is the weight in milligrams of 
te hecessary to give a neutral indication with phenolphthalein to 1 gram of oil, when tested according 

nero 510.3 in Tech. Paper 208, Bureau of Mines, p. 47. 
ean ao low alkali-absorption number furnished by one company failed to pass the class C test with 


88752°—26t—2 


Google 


4 INTERNAL-COMBUSTION ENGINE LUBRICATING OILS 


As practical limits of variance between the two oils furnished by 
any one company, the following tolerances were suggested: 


Tolerances for properties of test oil 


Property ae i Tolerance Property ree ; Tolerance 
a te | 
Viscosity at 100° F_. 30. 1 | 297 to 303 seconds. |: Pour point-.-......- 20.1 | +10° F. 
Vlash point.......-- 110.3 | +10° F. Carbon residue-.... 500.1 | +0.10 per cent. 
Fire point. .....__-- 110.3 Do. Corrosion._...._..--- §30.3 | None in either oil. 


1 Numbers under this heading refer to test methods so designated in Methods for Testing Petroleum 
Products, a Handbook for Testing Laboratories, Adopted by the Interdepartmental Petroleum Specifica- 
tions Committee: Tech. Paper 298, Bureau of Mines, 1922, pp. 4, 7, 28, 47, 53. 


In addition to these test oils, the committee furnished an ample 
supply of a ‘‘reference” oil, the properties of which were similar to 
those of the test oils. Before the oils were run in the engine their 
physical and chemical properties were determined in the laboratory 
of the Bureau of Mines and checked by the laboratories of at least 
two of the cooperating companies. The physical and chemical 
properties of the oils furnished for this investigation are tabulated 
in Tables 1 and 2, page 34. The result of check determinations on 
these oils is discussed under the heading “‘ Results of tests by different 
laboratories.”” The designating letters of the oils are as follows: 


Designations and types of oils 


Oil Type Furnished by company 
A-1l_...... Class C (low alkali absorption) ..........-.---2--2-.-2--2- 2 eee eee A. 
A-2......- Class A (high alkali absorption)_....0.0.020.0000-2.0.-0---0.0 202 e eee A. 
B-1__..... Class A (high alkali absorption)_...2.02-22022222-2---2-- 2 ee eee B. 
B-2_.____- Class C (ow alkali absorption)....--.-...-.------------------ eee eee B. 
C-1_...... Class A (high alkali absorption) ..-...2222...0-00-22 2-2 eee eee eee Cc. 
2 coco Class C (low alkali absorption) ..-202 0.22 eee ee eee ee eee Cc. 
D-1._.._-. Class A (high alkali absorption)_.........-.....2------2-------- eee D. 
(een Class C (low alkali absorption).......-....2.-..2-2------- ee eee eee D. 
§-2........ Class A (high alkali ubsorption)...........2.2..0....---------------- Reference oil. 


SEQUENCE OF TESTS 


The oils were run in the engine in the following order: 


% 


Test series A: oil | Test series B: Oil 
Te NO: Facesccpees Sele S-2 Log No. 13.....---------- $2 
Log No. 8.__....____._--- A-1 Log No. 14._.._.--------- B-1 
Log No. 9......-.-------- A-2 Log No. 15.....---------- B-2 
Log No. 10.__..._.__----- S-2 Leg NOs 162i cecekeus S-2 
Log No. 11......_-...----- A-2 Log No. 17__...---------- B-2 
Log No. 12__..___..__---- A-1 Log No. 18_.....--------- B-1 
Log: No: I3.c.2222235te5e5 S-2 Log No. 19 °_._..-------- S-2 


¢ Note that the last reference oil run in the previous series is also the first reference run in the following 
Series. 
> Valves ground and bearings taken up after this run. 
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OILS USED IN TESTS 5 


Test series C: oil | Test series D (repeat)—Con. Oil 
Log No. 20.......-..----- S-2 Log No. 43...........---- D-2 
Log No. 21.....-----.---- C-1 Log No. 44......--------- D-1 
Log No. 22...._..____-_-- C-2 Log No. 45..........__--- S-2 
Log No. 23.....-.-------- S-2 | Test series A (repeat): 

Log No. 24._...._____---- C-2 Log No. 45....____...---- oS-2 
Log No. 25_...-...------- C-1 Log No. 46....---........ A-1l 
Log No. 26.._...--------- S-2 Log NO.47 22.320 coe A-2 

Test series D: Log No. 48......_...----- S-2 
Log No. 26......__..----- oS-2 Log No. 49_..___.__.._--- A-2 
Log No. 27........_-..--- D-1 Log No. 50.....-..------- A-1 
Log No. 29........_---_-- D-2 Log No. 51.....--.------- S-2 
Log No. 30...._..-___---- S-2 Log NO} 523. 52e0. co een S-2 
Log No. 31._....-..------ D-2 Log No. 53__........--.-- B-2 
Log No. 32...._.-.---._-- D-1 Log No. 544 (failure) _.__ -- S-2 
Log No. 33 ¢.__...---.--- S-2 Log No. 55 (failure)..__ ~~. S-2 
Log No. 35___.----------- S-2 Log No. 56...__....------ S-2 
Log No. 36.......-------- 5-2 Log No. 57 (failure)...--._.  S-2 
Log No. 37.....---------- S-2 Log, No. DO. Face ee 5S eee S-2 
Log No. 38...._..-------- S-2 Log No. 59.....---------- S-2 

Test series D (repeat) Log No. 60......_-------- B-2 
Log No. 39.....---------- S-2 Log No. 61.....---------- S-2 
Log No. 40.....---------- D-1 Log No. 62.....-...------ C-1 
Log No. 41_..._..-------- D-2 Log No. 63.....---------- S-2 
Log No. 42.....---------- S-2 Log No. 64........------- S-2 


This sequence insured that each run on each test oil was im- 
mediately preceded or followed by a run on the reference oil, and 
thus furnished indication of the progress of engine wear and a means 
of correcting for it if necessary. The order of testing each pair of 
test oils tended to balance out differences due to changes in engine 
condition while each pair was being run, and increased the probable 
accuracy of average figures for each test oil. The tests of the 
D oils were repeated because the test results indicated that the 
engine was in poor condition when these oils were first run (see p. 9). 
The tests on the A oils were repeated in an effort to check back to 
the first tests of the complete series. Complete data on conditions 
and results of engine tests are tabulated in Tables 5A and 5B (pp. 36- 
39), and data on changes in physical and chemical properties of the 
oils are tabulated in Tables 10A and 10B (pp. 42-49). Data dealing 
with results of single tests and changes in particular properties are 
also presented in other tables and are discussed later. 


METHODS OF SAMPLING AND TESTING 


An accurately weighed amount (approximately 20 pounds) of oil 
was charged into the engine for each run. A sample of the unused 
oil was retained for testing and reference. During the run samples of 


*Note that the best reference oi] run in the previous series is also the first reference run in the 
following series. 

* Overhaul after this run. 

¢ New bearing. 

* Last seven runs (logs 55-64) were tu compare ol] C-1 with oil B-2, which previcusly had given what 
seemed the poorest and the best service, respectively. 
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6 INTERNAL-COMBUSTION ENGINE LUBRICATING OILS 


oil of approximately 134 pounds were drawn from the oil-circulating 
system at the end of the first and fourth hours of the test. Just 
_ before the end of the run a small sample (75 c.c.) of oil was also 
taken from the circulating system to determine percentage of 
‘insolubles.”’ ® 

At the end of the run all fuel was drawn from the carburetor and 
supply line, and the friction torque of the engine with wide-open 
throttle was immediately determined by ‘‘motoring over’ at 1,000 
1,200, 1,400, and 1,600 revolutions per minute. 

As soon as these friction tests had been made, the oil was drained 
from the crank case into a tared container, the oil-pan cover plates 
were removed, and as much as possible of the used oil was drained 
into the final sample, the quantity of which was accurately determined. 
The engine was allowed to drain into a tared oil pan over night, and 
these drainings were included in calculating the oil consumption. 

The cylinder head was then removed and the carbon carefully 
scraped out ‘and saved for examination. The pistons were also 
removed and the carbon was scraped from their lower surfaces and 
set aside for examination. © 

A sample of the gasoline used in each run was tested according to 
standard practice to insure uniformity of fuel. Carbon samples 
were washed with domestic aviation gasoline to remove oil, dried to 
constant weight at 105° C., and weighed. The carbon was then 
ashed and its content of metals determined. 

The oil samples were tested in accordance with the schedule 
on the following page. 


DISTILLATION TESTS OF NEW AND OF USED OILS 


In addition to the above tests, samples of new and of final used 
oils were fractionally distilled under reduced pressure. ‘Two methods 
of distillation were used—one was the standard method used by 
the Bureau of Mines for examining lubricating oils, the other was 
fractionation into 10 per cent fractions at 10 mm. pressure. 

In the first method 200 c. c. of the sample was distilled at a uni- 
form rate in a glass flask at 40 mm. absolute pressure; one fraction 
was taken up to 392° F. vapor temperature, and subsequent fractions 
at every even rise of 45° F. in vapor temperature up to 572° F. . The 
pressure was then reduced to 15 mm. absolute, and one additional 
fraction taken up to the same final temperature (572° F.). Volumes of 
the fractions, the specific gravities, and the viscosities were determined. 


® Material insoluble in or precipitated by A. 8. T. M. specification petroleum naphtha. This naphths 
is specified in Tech. Paper 298, Bureau of Mines, p. 41. : 

10 Dean, E. W., Hill, H. H., Smith, N. A. C.,and Jacobs, W. A., The Analytical Distillation of Petro 
leum and Its Products: Bull. 207, Bureau of Mines, 1922, pp. 19-31 and 35-36. 
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CONDITIONING OF ENGINE BEFORE TEST RUNS 7 


Schedule of tests of oil samples ! 


Test | New 1 hour | 4 hours Final Test method ! 
NOVA Vise nce Be te | Yes..]| No....-.---.-- | NOs choos ores VUS se weebentc Hydrometer. 
OUR att cot iea ha Pot ke F , Yeg_.| No... ..-.---- NOt o ce ey sees NOeccsosceseue Tag-Kobinson 
colorimeter. 
Viscosity: 3 
100° FP Gvackicagies Mado eee? POSeu|. 1 USctestianss7 FOSoece5i oe Yes__..--.---- 30. 1 
11 a «eer ge eR IS Re PE Yes..| No_....--.---- N Geese le Yes. i222. 30. 1 
PR oP sects 2 on iene nates 8 Yes..| No. ....22---- INOoonccocendas Yes...2.------| 30.1 
£2 (4 gl Deer ae ee ance ee eS Yes_.! Nov. 2... 2--ee NOocee ee ess Yes... 2222... $0. 1. 
Emulsion: ¢ 
Distilled water..........--- Yes..| Yes (u)-_..--- Yes (u).-..--- Yes (fund u)..| 320. 1. 
Salt solution.....0... 000-00. OS 2 OY ee Je cas secs (2 Rr erence ene dl eek ee eae 320. 1. 
Caustic soda.._.. 22 2-22 ee NN eS5e) (C2) cece eek (Ga) enna eee ere | C22 eee Got ae $20.1 
BE AOS Cp oat ER uit ee Ves: 2" NO@ise.e ee IN Ossiwicecte a5 Yes (fandu).. ALS. T. M, 
Demulsibility $...2.222.-...22-- VUS 2) NO@sccu cours No....-...----! Yes (f.and u).; 320.3. 
Palle HOI tose ft sr 8 ee cietele Yes__| No._...-..._--- NOs tece due Yes (f and u)_} 20.1. 
Alkall-absorption number_.....- | Yes..| Yes (u)__.---- Yes (u).......: Yes (u) ..----.| 51.08. 
Corrosion....0. eee ee ee ee | Yos..| No.....-..---- INOM. eee cen 36 , Yes (uj). _....- 530. 3. 
Flish and fire points__....-.--- 4 Yes.-| Yes (u)__...--! Yes (u)_------| Yes (u). ----.-1 110.3, 
DYN GG oe a oxy tags sacs |! Yes__.| No..-_--..-.-- Obese Yes Os ccsenst Os 
Carbon residue... 0... Yes..| Yes (f and u)-' Yes (f and u).! Yes (f and u).| 500, 1. 
4.3. T. M. petroleum naphtha | Yes 6.| Yes (u)-_..._.| Yes (u)_-_...-.; Yes (u)-------! (7). 
“insolubles’’, per cent by 
Weight. 
4.5. T. M. petroleum naphtha | Yes..| No....-222.--- INO2eecti eke Yes (u)_--.--- (3), 
“insolubles,” per cent by 
volume. 
NSN cence ra Satie ae cee Wess.) Noccssgsce5- NG ceesewedane Yes (i) oo. cccy (9) 
OTIMANON: co oS luce on ees eee et Yes__.| No...._..._... NOec eee oe 2 IN OM Soe ote ese 10 


—— . 


‘(f) designates filtered and (u) unfiltered oil. The filter was two thicknesses of Whatman’s No. 2 filter 
Paper on a steam funnel. 


‘c Test methods designated by numbers refer to methods so designated in Technical Paper 298, Bureau of 
ines, 


‘ Viscosities of samples from engine taken after filtering hot through a 200-mesh screen. 

‘The expression (?) indicates that the emulsion tests with salt solution and caustic soda were not to be 
made unless the sample passed the emulsion test with distilled water. (For a discussion of emulsion and 
demulsibility tests see p. 27.) 

‘Method for dilution experimentally worked out in the Bureau of Mines laboratory by a study of artl- 
fcial mixtures. The method tends to yield results that are slightly high, but in no test did the dilution 
percentage of the final sample exceed 1 per cent. * 

| None of the new oils contained material insoluble in A. 8. T. M. specification naphtha. 

'Ten grams of well-mixed sample taken as soon as possible after withdrawal from engine, diluted with 
iMe.c, A. 8. T. M. specification petroleum naphtha, stored in dark, cool place for 24 hours, filtered through 
abestas pad on Gooch erucible, and dried at 105° C. to constant weight. Duplicates were always run and 
god checks were obtained. 


' Fifty cubic centimeters, well mixed sample, diluted to 100 c. c. with A. S. T. M. specification petroleum 
daphtha, and whirled in centrifuge at 1,600 revolutions per minute to constant volume of sediment. 

‘Fifty grams of oil ashed. 

Modification of hot-plate alr-bath method developed by Shell Co. of California. Excellent check 
results were obtained with new oils by different operators using the same apparatus, but no satisfactory 
method of determining the oxidation values of used oils was developed. 

In the second method 2 liters of the sample were distilled in a 
copper flask at 10 mm. absolute pressure; 10 per cent fractions were 
taken and a 10 per cent residue was left in the still. ‘Temperatures of 
vapor and liquid during the distillation and at cut points wererecorded. 
The vapor temperatures were unreliable, probably on account of the 
foaming of the liquid in the still, but the liquid temperatures checked 
satisfactorily. Volumes, gravities, and viscosities of the fractions 
Were determined. The significant data of these distillations are 


Presented in Tables 3 and 4 (pp. 34-35). 
CONDITIONING OF ENGINE BEFORE TEST RUNS 


After the used oil had been completely removed from the engine 
and the carbon scraped out at the end of each test, the inside of the 
crank case was cleaned as thoroughly as possible and the main and 
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connecting rod bearings were inspected. The crank case, pistons, 


and engine head were then replaced, the crank case filled with the new | 
oil to be used in the next test, and the engine run under its own power 


for about 15 minutes. The flushing oil was then removed, and the 
rinsing process repeated with new oil by ‘‘motoring-over”’ the warm 
engine with the dynamometer until assurance was had that the crank 
case and oil passages were free from contamination by the old oil. 


The cylinder head was then removed and the oil wiped from piston — 
heads and combustion chambers. The cylinder head was replaced, | 
and after valve timing, valve-tappet clearances, spark plugs, dis-— 


tributor, breaker points, oil-pan gaskets, and test apparatus were 
inspected, the set-up was ready for the next run. 


DISCUSSION OF DATA ON TEST RUNS 


It is to be noted again that the purpose of the investigation was to 
determine by engine tests the ‘‘relative merits of western oils!” 
of low and high alkali-absorption numbers and weak and strong 
emulsifying properties. In other words, the problem was to deter- 
mine whether relatively poor service correlates with relatively high 
alkali-absorption numbers and strong emulsion-forming properties. 
In this investigation an attempt was made to determine relative 
service values of the two oils of each of the four test pairs by consider- 
ation of the following factors. 

1. Effect of the oil on the engine.—Engine wear as indicated by 
inspection and by amounts of ash and of metals in used oil and in 
engine carbon. 

2. Effectiveness of lubrication as shown by power output of 
engine, in distinction to effectiveness as shown by engine wear. 

3. Effect of the engine test on the oils. (a) Change of viscosity, 
(b) increase of carbon residue, (c) formation of A. S. T. M. speci- 
fication naphtha “‘insolubles,’”’ and (d) deposition of carbon in the 
engine. 

4. Consumption of oil during standard test run. 


PRESENTATION OF DATA ON TEST RUNS 


Tables 1 and 2 show the physical and chemical properties of the 
new oils used in the tests. Table 3 shows the boiling point, flash 
point, increase of viscosity in service, and vacuum distillation data 
for the new oils, and the general relationships that hold between 
those factors. They are discussed later in detail. Table 3 should 
be examined in conjunction with Table 4, which gives gravities and 
viscosities of the first and last 10 per cent fractions of the test oils 
obtained by distillation at 10 mm. absolute pressure. 


ie 


1 Internal-combustion engine lubricating oils made from California crude petroleum by Californis 
refiners. 
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Tables 5A and 5B give essential data of engine operating conditions 
during the test runs. Table 5A gives data in the order of testing and 
Table 5B for each test oil. It will be noted that after log 35 the 
differences between the temperatures of the incoming and the out- 
going cooling water are less than before. This change followed the 
overhaul of the engine, which included the fitting of new rings, and 
is evidence that the ring clearances were greater than before. Other 
information indicates that the rings fitted during the overhaul were 
of poorer quality than those originally in the engine. After the over- 
haul the series of runs on the A and D oils were repeated. Obviously 
the repeat runs were made under conditions different from those of 
the first runs. Actual experimental data for the two series of runs 
of these oils may thus be expected to differ. Therefore, although all 
the results of the tests can not be considered as absolute measure- 
ments, they serve to indicate the practical service values of the oils; 
at least, the results for each series of runs are comparable among 
themselves. 

Tables 6, 7, 8, and 9 give arranged average figures from Table 5A. 
Table 6 shows actual oil consumption for each run, average con- 
sumption for each oil in each series of runs, and the same averages 
corrected ox the basis of changes in average consumption of the refer- 
ence oil from series to series. Table 7 gives the same figures for 
torque, Table 8 for horsepower, and Table 9 for temperature factor." 
The corrected averages are not used in making comparisons between 
the two oils of any given test pair but indicate the results of changes 
in engine conditions during the whole series of runs. The corrected 
averages also indicate approximately what the consumption of oil 
and the torque developed with each oil would have been had the 
mechanical condition of the engine remained constant during the 
whole series of runs. 

Tables 10A and 10B include tabulation of data relative to properties 
of new oils, changes in these properties as a result of use, deposition 
of carbon in the engine, and oil consumption. In Table 10A these 
data are shown in the order of running the engine tests and in Table 
10B they are arranged for each oil. 

Tables 11, 12, 13, 14, 15, 16, 17, and 18 are derived from Table 10A. 
In Table 11 the viscosity changes of each oil in each*series are tabu- 
lated, averaged, and corrected. In Table 12 data on formation of 
“insolubles” are arranged in the same way. Table 13 shows oil 
consumption, percentage of ‘“insolubles,” and temperature factors for 
each test. Table 14 gives the weights of “insolubles” formed per 
pound of oil consumed for each test; these weights are averaged and 


Atal 8 discussion of figures in the last column of these tables, ‘‘ Temperature factor,’’ see p. 28. 
See p. 28, 
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arranged for comparison in Table 15. Table 16 gives data on ip 
crease of carbon residue in the oils and average increases for each oil 
in each series. Table 17 gives a similar tabulation of weights of 
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Fiocurg 4.—Data on runs with reference oil, 8 2 


carbon deposited on the lower surfaces of the pistons, and Table 18 of 
carbon deposited in the combustion chamber. 

Figure 3 shows graphically the pertinent data for all the tests of the 
complete series of runs, and Figure 4 shows similar data for the sequence 
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of runs with the reference oils. Other tables and figures developed 
from the data are discussed in proper order. 


COMPARISONS AND RELATIONSHIPS 


Relationship or lack of relationship in the comparative service 
values of two oils of a given pair is shown by differences in the 
numerical values of the properties of the oils, by changes in these 
properties, and by differences in the behavior of the engine. It was 
thought that these differences could be emphasized by tabulating 
the ratios of their numerical values. Table 19 shows both the 
differences and the calculated ratios. Each ratio is calculated by 
dividing the numerical value of one property of an oil with a high 
alkali-absorption number by the numerical value of the same prop- 
erty of the oil of low alkali-absorption number of the same pair. 
Data in Table 19 are taken from Tables 2 and 3. An example of the 
calculation of the ratios in Table 19 follows: 

Alkali-absorption number, oil C-—1=0.60 


Alkali-absorption number, oil C-2= .04 


: ‘ . C-1_ 0.60_ 
Ratio alkali-absorption numbers C270 04 15.0 


Table 20 gives data similarly obtained in the tests of the oils, 
using averages for the two runs on the same oil in each test series. 
An example of the calculation of ratios in Table 20 follows: 

Viscosity increase, oil A~-2 =72 seconds. 
Viscosity increase, oi A-1 =5l1 seconds. 
Ratio viscosity increase A$ = =141. 

In order to compare the behavior of the two oils of a series with 
the behavior of the reference oil during the same test series, differ- 
ences and ratios that show the maximum variation of results of runs 
on the reference oil for each test series have been calculated and 
are shown in Table 21. The method of calculating the ratios was as 
follows : 

Reference-oil runs in test series B. 


Maximum weight of piston carbon 2.27 grams (log 13). 
Minimum weight of piston carbon 1.52 grams (log 16). 


Ratio of maximum difference aces 1.49 


Because differences and ratios for the test oils are based on aver- 
ages of the two runs in each test series, it is better to compare them 
with averages of the related runs with the reference oil. In Table 22, 
therefore, differences and ratios of the average results of the first 
and last runs and the result of the second run, respectively, of the 
reference oil in each series have been tabulated. 


88752°—-26{——3 
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An example of the calculation of ratios of the average results of 
runs with reference oil, as given in Table 22, appear below: 


Test series D. Reference-oil runs are logs 26, 30, and 33. Percentages of 
insolubles formed in these runs are 0.523, 0.358, and 0. 400, respectively. 
Ratio of averages calculated below. 


Insolubles log 30 _ 0.358 —__ 0.358 
Insolubles log 26+insolubles log 33° 0.523+0.400 0.461 
2 2 


=(0.777 


In Table 23 all the differences and ratios shown in Tables 19, 20, 
21, and 22 have been brought together to facilitate comparison. 
Table 23 is arranged to show differences and ratios of average results 
of the two runs on the test oils in each series and the differences and 
ratios of maximum and minimum results for the runs on reference 
oil that are related to each series. It also shows differences and 
ratios of average results of runs with the reference oil in each series as 
given in Table 22. 

In these tables (19 to 23) differences and ratios have been based 
on averages of the results of the two runs with each test oil in each 
series. As has been noted, the sequence of runs was so planned that 
averages of data for two runs on the same oil would tend to muini- 
mize changes in the condition of the engine while the oils were being 
run and between runs. Average figures thus probably represent 
more accurately the service value of an oil than do data for succes- 
sive single runs with two oils. However, such data for successive 
single runs have been calculated and are shown graphically in 
Figures 5, 6, and 7. To facilitate plotting these figures, differences 
are shown as percentages rather than as ratios. These figures also 
show differences for the runs with reference oil that precede and 
follow the runs with the test oils. 


COMPARISONS OF RELATIVE SERVICE VALUE 
EFFECT OF OILS ON ENGINE 


Engine wear as indicated by inspection and by the amounts of ash 
and of metals in the used oil and in the engine carbon.—Inspection 
of the engine after each run did not indicate that either oil of a given 
pair was responsible for more wear than the other oil. Differences 
in engine wear in any one run were too small to be evident, although 
a gradual progressive wear during the entire series of runs was notice- 
able. In log 21, the first run on oil C-1, a wrist pin apparently 
became slightly overheated and in log 31, the second run on oil D-2, 
a wrist pin was badly burned and consumption of oil was unusually 
high. Later runs after the engine had been overhauled showed that 
the trouble indicated in these two runs was caused by the relatively 
poor mechanical condition of the engine (worn rings, etc.) resulting 
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from normal wear. Figure 4, which shows data for the successive 
runs with the reference oil, contains no evidence that the engine was 
worn more by the oils of high alkali-absorption number than by those 
of low atkali-absorption number. 
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Figure 5.—Comparisons of individual runs, A oils 
Broken lines refer to related reference-oil runs 
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The ash and metals determined in the used oils and in the carbon 
samples were practically uniform throughout the runs, although in 
a few tests the results were erratic. High and low results were ob- 
tained for oils of both high and low alkali-absorption numbers, and 
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no correlation could be shown between percentages of ash and metal 
and the alkali-absorption numbers and emulsifying properties of the 
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Figure 6.—Comparisons of individual runs, B and C oils 
Broken lines refer to related reference-oil runs 


Examination of the data which might show the effect of the oils 
on the engine indicate that, of the test oils used, oils of high alkali- 
absorption number do not cause More engine wear than oils of low alkali- 
absorption number. 
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POWER OUTPUT OF ENGINE AS DIFFERENTIATED FROM EFFECTIVENESS 
OF LUBRICATION SHOWN BY ENGINE WEAR 


Attention is called to the curve for brake horsepower in Figure 3. 
The average power output of successive runs with the reference oil 
gradually drops from a high maximum on the first run (log 7) to a 
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Figure 7.—Comparisons of individual runs, D oils 
Broken lines refer to related reference-oil runs 


minimum on the run prior to the engine overhaul (log 33), and after 
the ing-in period (logs 35 to 39, inclusive) it rises to the end of 
the series. The horsepower developed with the reference oil (circled 
dots, fig. 3) ig reasonably uniform and shows the expected result of 
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normal engine wear. Table 8, which gives data of horsepower devel- 
oped, does not show consistent relationships between power develop- 
ment and the alkali-absorption numbers of the test oils, nor do the 
differences and ratios in Table 23 show any consistent relationship 
between these factors. Table 7, which gives torque data, shows that 
if there is any relationship between effectiveness of lubrication (as 
shown by power output) and alkali-absorption numbers of the oils, 
the power data obtained in this work are not sufficiently precise to 


indicate it. 
EFFECT OF ENGINE TEST ON THE OILS 


Change of viscosity.—Tables 11 and 23 and Figures 3, 4, and 5 
show that viscosities of the oils of high alkali-absorption numbers of 
the A, B, and D series increase in service more than those of the re- 
spective oils of low alkali-absorption numbers. In the first runs 
with the C oils the viscosity of the oil of low alkali-absorption number 
(C-2) increased more than that of the oil of high alkali-absorption 
number (C—1); whereas in the second runs with these oils the increase 
was practically the same for both oils, and the differences between 
the two oils were less than the differences between averages of related 
runs for the reference oil. Therefore it does not seem possible to 
attribute differences in increase of viscosity to differences of alkali- 
absorption numbers. 

Table 23 and Figure 8 show that differences in viscosity increase 
can be correlated with differences in the volatilities of the oils as 
indicated by the relative amounts of low-boiling and high-boiling 
fractions in the oils. This is shown by the table below. 


Averages of viscosity increase and rolatility of oils tested, taken from Table 23 


Viscosity increase (seconds) 
Heavy ends Light ends Alkali-absorp- 
(per cent) (per cent) tion number 
Oils Test oils Reference oil 


Differ-| Ratio 


Differ- F Differ- : Differ- 
mee Ratio Ratio 


| Differ- ‘ 
Ratio Ratio ence ence ence 


; ence 


B- 

53} we cece ee ee ee eee 1. 89 | 25 0.95} —1.5 1. 33 1.9 2.39 3.9 33.3 0.97 

BDA 2 Galea ash 1. 41 21 .77 | —12.0 

A-1 Q 

ee es eee. al OTe St ”m! 11.19 8.0 \ 1. 29 2.7 1. 21 1.8 25. 2 AS 
Sees eek 1.27 14 86 | —.0 

D-? tice Seat sobenstad 11.07 3; Los) L5if kM] Lo} .92] -6] 7.2 31 

os catia tac . 98 —2 1. 08 2.0 .80 | —2.2 1.18 2.0 15.0 56 
3 Repeat series. 


When individual runs are considered, the correlation between heavy 
ends and high viscosity increase holds nearly as well as in the fore- 
going relationships calculated from averages. Figures 5, 6, and 7 
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show that in 11 of the 12 runs with oils with relatively large amounts 
of high-boiling fractions the viscosity increase is greater than for the 
corresponding runs with oils with smaller amounts of high-boiling 
fractions. The one failure of the relationship is in the’second runs 
with oils C-1 and C-2, and the difference in viscosity change here 
amounts to only one second. Evidently a high increase of viscosity 
can not be attributed to a high alkali-absorption number of an oil. 
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6 7 80 
VISCOSITY INCREASE 
FiaurE 8.—Relationship between volatility and increase in viscosity 


Increase of carbon residue.—Averages of figures giving increase of 
carbon residue as the result of use (Table 16) show that for each pair 
of oils tested the oil with the higher alkali-absorption number gives 
the greater increase of carbon residue, with the exception of the repeat 


series of runs with oils D-1 and D-2, whose average increases are the 
same, 
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Averages for alkali-absorption numbers and_carbon-residue increases for oils tested, 
taken from Table 23 


Carbon-residue increase 


Alkali-absorp- 
tion number T ; | 
Oils est. oils l 


Reference oils 


Average Maximum 
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1 Repeat of scries. 


The tabulation of averages taken from Table 23 shows an apparent 
relationship between alkali-absorption numbers and carbon-residue 
increase. It also shows that, except for the A oils and the first run 
of the D oils, the differences in the carbon-residue increases for the 
reference-oil runs in related series were greater than the average 
differences between the test oils. Oil A-2 seems definitely to show 
a greater increase of carbon residue than oil A—1, but other than this 
differences of carbon-residue increase between oils of low and high 
alkali-absorption numbers are of the same order as differences in 
carbon-residue increase between related runs on the reference oil. 
These relationships are brought out graphically in Figures 5, 6, and 7. 

It should be noted in comparing the increase of carbon residue that 
to average the results gives the figures a somewhat false significance. 
For example, with the C oils, oil C-2, low alkali-absorption number 
(log 24) shows virtually the same carbon-residue increase as oil C-1, 
high alkali-absorption number (log 25); with the D oils, oil D-2, low 
alkali-absorption number (log 31) shows a higher carbon-residue in- 
crease than oil D-1, high alkali-absorption number (log 32); and in 
the repeat series with the D oils, oil D-2 (log 41), shows a greater 
carbon-residue increase than oil D-1 (log 40). 

Evidently, therefore, though Tables 13 and 23 indicate that the oils 
of low alkali-absorption numbers show generally a smaller increase of 
carbon residue than the oils of high alkali-absorption numbers, the 
differences are within the experimental errors of the engine test and 
the method of determining carbon residue, with the possible exception 
of oils A-2 and A-1. 

Formation of insolubles.—Table 12 shows the percentages by weight 
of A. S. T. M. specification naphtha insolubles ' formed in the oils in 
the engine tests. Tables 14 and 15 show the total weights of insolu- 
bles formed and the weights of insolubles formed per pound of oil 
consumed. It is to be noted that all of the new oils were free from 
insolubles. The “insoluble” compounds probably are results of 


a ES a te ee ea he a eA ee ee 
"4 The word ‘‘insolubles” in this report refers to the material (in the oil) insoluble in or precipitated by 
A. 8. T. M. specification naphtha. 
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polymerization and oxidation reactions and are more or less soluble 
in the oils in which they form. For the vils tested in this work about 
half the insolubles is actually sediment that will not pass a single 
thickness of filter paper and might therefore plug oil passages in the 
engine if enough was present. 

Tables 12 and 14 show that in each series the oils of high alkali- 
absorption numbers formed a greater total weight of insolubles than 
those of low alkali-absorption numbers, and that the used oils from 
the tests with oils of high alkali-absorption numbers contain a greater 
percentage by weight of insolubles than do those with oils of low 
alkali-absorption numbers. Data for the individual runs in Table 12 
and in Figures 5, 6, and 7 show only two failures in the apparent 
relationship between high alkali-absorption number of the new oil and 
high percentage of insolubles in the used oil; both were in the scries 
of runs with oils D-1 and D-2, one failure being in log 31 (D-2) in 
which 8 wrist pin was burned. Table 14 also shows only two failures 
in the apparent relationship between high alkali-absorption numbers 
of the new oils and total weight of insolubles formed during the test 
Tun—one failure in the runs with the C oils and the other in the repeat 
runs with the D oils. This apparent relationship, however, is due to 
the coincidence that most of the oils of high alkali-absorption num- 
bers contained more volatile material than those of low alkali-absorp- 
tion numbers. 

Table 23 shows a similar correlation between alkali-absorption 
number arid percentage of insolubles in the used oil, but it also shows 
(with the exception of the first series of runs with oils A-1 and A-2 
and the runs with oils B-1 and B-2) that maximum and average 
differences of percentages and total weight of insolubles in the used 
Teference oils in related series are virtually the same as, or greater than, 

erences for oils of high and low alkali-absorption numbers in the 
Same series. The differences and ratios are shown below. 


Average and marimum differences and ratios for alkali-absorption numbers and 
percentages and total weights of tnsolubles formed in test and in reference oils 


Percentage A.S.T.M. specacenon Total weights of A. S. T. M. specifica- 
naphtha insolubles tion naphtha insolubles (grams) 


Reference oil Reference oi) 


Test oils | -—-—s—s—i‘“<#$#T)§sSN’‘' | Testis) |} 
(average) | Maximum Average (average) | Maximum | Average 
- - | Differ- . | Differ- » | Differ- __| Differ- — | Ditfer- 
Ratio once Ratio ones Ratio ence Ratio ence Ratio price Ratio 


1.31 | 0.043 | 1.16 |—O. 026 | 0.91 3.8 | 1.16 &5 | 1.24] -Q02! 0.99 
1.34] .019 | 1.07 .015 | 1.05 1.6 | 1.07 4.7 | 120 4.5; 1.19 


1.09 | .156] 1.70} —.012! .96; 20/110] 101) 1.58) -24] .89 
1. 16 107 | 1.48 delice 47/122} 109] 1.63} 63) 1.26 


‘ Repeat runs after overhaul. 
88752°—26}——-4 
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Differences between insolubles (both percentages and total weights) 
the used oils from the runs with the oils of high and low alkal 
absorption numbers are thus of the same order as differences between 
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FIGURE 9.—Relationship between insolubles and oil consumption 
(See p. 28.) 


There is, moreover, a relationship between consumption of oil and 
Google 


4 Table 13 also indicates the influence of the so-called temperature factor. 


points of the curves in Figure 9 would lie e 


percentage of insolubles in the used oils (Table 13). 


ship is also shown graphically 


for the influence of combustion chamber and piston temperatures, 


indicated by the temperature factor. 
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Curve S, Figure 9, oil S-2.—Curve S of Figure 9 shows the un- 
mistakable relationship between consumption of oil and percentage 
of insolubles in the used oil for the reference-oil runs. Curves A, 
B, C, and D show the same relationship for the A, B, C, and D oils, 
respectively. The straight lines drawn in these curves have the slope 
of the average curve for tho reference oil (curve S) and are placed in 
the same position the average curve occupies in curve S. Also for 
oils C and D the average curve is shifted horizontally (without chang- 
ing its slope) to bring it into line with the plotted points for the test 
oils, 

Curve A, Figure 9, oils A-1 and A-2.—Note that with the used 
oils the general relationship of oil consumption and percentage of 
insolubles that holds for the reference oil also holds for the A oils. 
The oil of low alkali-absorption number is better, and the oil of high 
alkali-absorption number is poorer than the average for the reference 
oil in three of four tests. Note also that one run with the reference 
oil is nearly as much better than tho average for the reference oil as 
is the best run of the oil of low alkali-absorption number; that one 
run with the reference oil is poorer than any run with the oil of high 
alkali-absorption number; and that the divergence of the reference 
oil runs from the average curve is as great as the divergence between 
the oils of low and high alkali-absorption numbers. 

Curve B, Figure 9, oils B-1 and B-2.—Note that all the points for 
the oils of high and low alkali-absorption numbers fall remarkably 
close to &. line whose slope is the same as the average for the reference 
oils, and that the divergence of the reference oils from the average 
curve is greater than is that of the oils of high and low alkali-absorp- 
tion numbers of the B series. Note that the run with oil B-2 (low 
alkali-absorption number) in log 60, at the end of the series, falls 
virtually on the line established in the earlier runs and in the normal 
relation between consumption and percentage of insolubles that seems 
to hold for all the oils. Note also that oils B-1, S-2, and B-2 were 
furnished by one company and represent an extreme range of alkali- 
absorption numbers, 1.00, 0.30, 0.03, respectively. 

Curve C, Figure 9, oils C-1 and C-2.—Note that the oils of high 
and low alkali-absorption numbers in this series are poorer than the 
reference oil, but that three of the runs (two with oil of high and one 
with oil of low alkali-absorption number) fall on a line whose slope 
is that of the reference-oil curve. 

One run with the oil of low alkali-absorption number (C-2) gave a 
much lower percentage of insolubles-consumption ratio than the 
others of this series, but in log 62 (at the end of the complete series) 
oil C-1 (high alkali-absorption number) gave a value as good as the 
best run with the oil of low alkali-absorption number (C-2) and 
nearly on the reference oil curve. 
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Curve D, Figure 9, oils D-1 and D-2.—Note that all but one run 
with the D oils are better than the average for the reference oil. 
One run with the oil of high alkali-absorption number (D-1) is very 
poor, and one is practically as good as the best for the oil of low 
alkali-absorption number (D-2). All but two points fall close to 
a line whose slope is that of the reference oil, and their divergence is 
not as great as one run with the reference oil in the same series. 

Relation of consumption of oil to formation of insolubles.—It 1s 
not particularly remarkable that for the reference oil the percentage 
of insolubles in the used oil is a function of oil consumption. The 
fact that the same relationship holds for the test oils indicates, how- 
ever, that formation of insolubles is not a function of alkali-absorp- 
tion numbers. Percentage of insolubles in the used oil is a function 
of both the actual insolubles formed and the amount of oil con- 
sumed, as with a high consumption the insolubles would be con- 
centrated in the residual used oil. 

Tables 14 and 15 show the actual weights of insolubles formed per 
pound of oil consumed. The averages of Table 15 show that for 
the first three series of runs the oils of low alkali-absorption numbers 
formed more insolubles per pound of oil consumed than the corre- 
sponding oils of high alkali-absorption nunibers, whereas in the last 
three series the relationship is reversed. 

The conclusion drawn from Tables 13, 14, and 15 and Figure 9 is 
that, within the experimental errors of engine operation and of sam- 
pling and of determination of insolubles, the formation of insolubles 
is a function of the consumption of oil, influenced probably by the 
temperatures within the engine. Consumption of oil, as is shown 
below, is not a function of the alkali-absorption numbers of the oils 
tested. The amount of insolubles formed by these oils is therefore 
not a function of their alkali-absorption numbers. 

Attention is called to the fact that in no run was a large amount 
of insolubles formed. The extreme case was in log 56 for the refer- 
ence oil, just after a new bearing had been fitted; then the total 
weight of insolubles formed amounted to 0.047 pound, or about two- 
thirds of an ounce. The greatest amount of insolubles formed while 
the engine was in normal condition was in log 21, oil*°C-1. In this 
run the weight of insolubles formed was 0.037 pound. Note that in 
this run over 40 per cent of the oil charged to the engine was con- 
sumed during the engine test. 

Deposition of carbon in the engine.---Piston carbon.—Figures given 
in Table 17 for weights of carbon deposited under the piston are ap- 
parently erratic, but none were higher than could be expected. In 
Table 23 the reader should note that differences in weights of piston- 
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carbon deposits can not be correlated with differences in alkali-absorp- 
tion numbers or in emulsifying properties of the oils. He should also 
note that the weights of piston carbon formed in the reference-oil runs 
are apparently as erratic as those formed by the test oils." 

Combustion-chamber carbon.—Deposition of combustion-chamber 
carbon can not be correlated with alkali-absorption numbers or 
emulsifying properties of the oils. The differences and ratios of 
averages in Table 23 show that high combustion-chamber carbon 
accompanies high alkali-absorption number in only threo of the six 
series of testruns. It will be observed that the variation in amount 
of combustion-chamber carbon deposited by the reference oils in 
related runs is about the same as for that deposited by the test 
oils. Table 18 likewise shows failure of correlation. Tables 18 and 
23, however, give some indication that formation of combustion- 
chamber carbon is influenced by combustion-chamber temperatures 
and by viscosities of the oils in the engine. It is to be noted that the 
weights of carbon deposited in the combustion chamber by the test 
oils are not high. 


CONSUMPTION OF OIL DURING STANDARD TEST RUN 


Attention is called to Figure 4, which gives the oil consumption for 
successive runs with the reference oil. Tho figure shows that the 
consumption of the reference oil was between 6 and 11.2 pounds. 
It shows a generally progressive increase from the start of the test 
series until the engine was overhauled (log 33); a decrease from a 
high point during the running-in period (logs 35 to 39, inclusive); 
then a further decrease to a low point (log 45); and another increase 
to the end of the series. In general, then, the consumption of oil 
follows what seems to be normal engine wear, though there are 
eccentricitics that in part only can be correlated with “temperature 
factor.” 17 

It is questionable whether the consumption data are precise enough 
to serve as a basis of discussion; evidently some unknown variable, 
engine or test, influences the consumption of oil. In Table 23, how- 
ever, averages for the test oils indicate that the relative consumption 
of two oils of a pair is influenced, on this engine and with this 
system of lubrication, by the relative amounts of low-boiling frac- 
tions in the oils. The following data, taken from Table 23, show 
this relationship and also that differences in alkali-absorption num- 
bers of the oils do not correlate with differences | in consumption. 


A aa a See Se es ate gees ee a ee Soh Sah at eS Be ae 7 


ae p. 29 for an indicated relationship between deposit of piston carbon and the so-called ‘a apetatuce 
actor 


* Bee p. 28 for discussion of temperature factor. 
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Differences and ratios for pairs of test oils for alkali-absorption numbers, oil consum p- 
tion, and low-boiling fractions 


Alkali-absorption Oil consumption Low-boiling fractions 
numbers (pounds) (per cent) 
Oils 
| Difference | Ratio | Difference | Ratio | Difference | Ratio 
Ca ce ee whe cto 
| 
7} dca Jee shares dete eece 0. 49 25. 5 0. 94 1.17 1.8 1.21 
ee | .97| 33.3 1.78} 1.30 30} 2.39 
| 
oF \ : 56 15.0 95 Lu 2.0 1.18 
oot Sass Ms Secenich nen sent eee 31 7.2 ~.2 98 -.6 92 
D-1 | 31 7.2 —.05 99 —.6 92 
Desh ee a aes : : 
A-2! l 
At}. : 49! 25.5 | —. 54 94 1.8 1.21 


| 


1 Rerun of series after engine overhaul. 


Figures 5, 6, and 7, which give relationships for individual runs 
rather than averages, show that high alkali-absorption numbers 
correlate with high consumption of oil in 7 of 12 runs with oils of high 
alkali-absorption numbers, and that high consumption of oil correlates 
with low alkali-absorption numbers in 5 of 12 runs with oils of low 
alkali-absorption numbers. High consumption of oil correlates with 
relatively high percentage of low-boiling fractions seven out of 
twelve times, and in four of the five*runs where this relationship 
fails the failure correlates with a relatively high temperature factor." 
If any relationship exists between the alkali-absorption numbers of 
the oils and amount of oil consumed, this work was not precise 


enough to reveal it. 
: SUMMARY 


A lubricating oil for an internal-combustion engine can be con- 
sidered as giving good service if (a) it lubricates effectively, (b) with 
its use there is minimum danger of lubrication failure, and (c) its 
consumption is not excessive 

1. All of the oils used in these tests seem to lubricate effectively. 
The oils of high alkali-absorption numbers seem to have lubricated 
as effectively as those of low alkali-absorption numbers. The test 
conditions were much more severe than the average conditions of 
practical service, yet no differences in lubricating efficiency were 
detectable. 

2. In one run of the complete series a wrist pin in the engine was 
badly burned, and in another (near the end of the series) a crank 
bearing broke. Neither mishap can be attributed to properties of 
the oils. The fact that there were only two mechanical failures 10 
the whole series of rigorous service tests shows the good performance 
of the oils and the engine. 


Is See p. 29. 
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3. The figures for oil consumption may not be precise enough to 
justify conclusions, but the data do not indicate that the oils of high 
alkali-absorption numbers were consumed at a greater rate than 
those of low alkali-absorption numbers. 

4. Increase of viscosity of the oils during use, although possibly an 
important factor, is evidently a function of the volatility of an oil 
and is not related to its alkali-absorption number. 

5. For the oils tested, formation of insolubles is seemingly not 
related to alkali-absorption number but is related to oil consumption. 

6. Increase of carbon residue can hardly be correlated with lubri- 
cating efficiency or failure. The evidence in Table 16 seems to favor 
the oils of low alkali-absorption numbers, but such evidence is within 
the experimental error of the determination of carbon residue. If, 
regardless of this fact, the data are taken to indicate superiority of 
the oils of low alkali-absorption numbers, the differences shown in 
these tests are evidently too small to be of importance in commercial 
practice. 

7. The consumption of none of the oils was excessive except in 
parts of the series where normal engine wear (piston rings) showed 
appreciable effects. Everything else being equal, a low consumption 
of oil is most desirable. It is evident that further work can be done 
to obtain more consistent figures on oil consumption and at the same 
time on power output. 

8. Experience gained in these tests indicates the possibility of 
eliminating or reducing the range of certain variables. Future work 
may lead to the development of a standardized engine test which will 
be capable of giving reproducible results as to consumption of oil and 


development of power. 
CONCLUSION 


For the oils tested '* it is concluded that differences indicated by 
alkali-absorption numbers (and emulsion, demulsibility, and oxida- 
tion numbers) are without significance with regard to engine 
service. | 


RESULTS OF TESTS OF OILS BY DIFFERENT LABORATORIES 


Samples of one of the test oils (B-1) were sent for testing to eight 
different laboratories—three in the eastern part of the country and 
five in California. Table A gives the reports of these laboratories. 

Samples of the reference oil and the test oils were sent to two 
laboratories in California for test and were also tested in the labora- 
tory of the Bureau of Mines. Table B gives the reports on these oils. 


" Internal-combustion engine lubricating-oils made by California refiners from California crude 
Petroleum. 
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DISCUSSION OF TABLE A—TESTS WITH OIL B-1 


Generally good agreement between the results of tests of different 
laboratories is noted. 

1. Gravity determinations agree as well as can be expected. 

2. Color determinations of the oil range from 3 to 4—; four of 
the laboratories reported the N. P. A. color as 3 or 3+, one as 
3146+, one as 33f+, and oneas4—. Only three laboratories report 
color, Robinson, and they agree fairly well. 

3. Reported viscosity at 100° F. ranges from 296 to 310 seconds. 
Five of the laboratories, however, report viscosity within +1 per 
cent of 303 seconds, which is the average of all the determinations. 
At 130° F. the reported viscosity ranges from 125 to 133 seconds; 
the average is 130 seconds, which is reported by one laboratory. 
None of the other laboratories is within +1 per cent of this. At 
175° F. the reported viscosity ranges from 58 to 62.5 seconds. The 
average is 60.4. Two of the six laboratories reporting come within 
+1 per cent of the average. At 210° F. the reported viscosity ranges 
from 45 to 48 seconds. The average is 46.4. Four of the seven 
laboratories reporting come within +1'per cent of the average. 

4. Seven laboratories report on the emulsion test with distilled 
water, salt solution, and caustic soda. Some of the laboratories do 
not state whether the sample passes the test but give the volumes of 
water, oil, and emulsion, and the general appearance of the emulsion. 
The data are interpreted to mean that all the laboratories consider 
that the sample passed the test with distilled water and salt solution. 
With caustic soda, however, the data from six laboratories show 
that the sample failed to pass the test, and one laboratory reports 
the emulsion test with caustic soda as satisfactory. 

5. R. E. number is in fair agreement, ranging from 1.5 to 3.0. 

6. All the laboratories report pour test at or below 0° F. 

7. Alkali-absorption number is in fair agreement, the reported 
values ranging from 0.95 to 1.15. The average is 1.047. All the 
numbers reported are within +10 per cent of the average. 

8. Seven of the laboratories report corrosion as satisfactory. The 
other noted that the copper was very slightly discolored. 

9. The agreement between the reports on demulsibility value is 
extremely poor. The demulsibility figures range from 135 to 960. 
Three laboratories of the eight reporting indicate a demulsibility of 
more than 300, the others, less than 300. 

10. The flash point reported ranges from 355 to 370° F., an extreme 
range of 15° F., which is considered reasonably good agreement. 

11. The fire point reported ranges from 410 to 415° F., except 
that one laboratory reports 430° F. Except for this one result 
the agreement is excellent. 
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12, Carbon residue reported ranges from 0.04 to 1.10 per cent, 
and except for two laboratories the results range from 0.08 to 0.10 
per cent—excellent agreement for a sample low in carbon residue. 


DISCUSSION OF TABLE B—TESTS WITH REFERENCE AND TEST OILS 


In Table B the reported results are generally in good agreement. 
The following examples of poor agreement are noted. 

1. R.E. number of oil C-2: Two laboratories report this number as 
1.0 and 1.33, respectively, but the third assigns it a somewhat in- 
definite value somewhere between 7 and 11. 

2. Demulsibilities: Except for oils C-1 and D-1, both with low 
demulsibilities, the results of the demulsibility tests by the different 
laboratories are in extremely poor agreement. As an extreme 
example, oil B—1 is cited (see also Table A). For the same oil three 
laboratories report the demulsibility as 480, 840, and 270, respectively. 
(In Table A the values 960, 135, 173, 420, 272, 200, 480, and 250 are 
given for another sample of this oil.) For oil A—1 three laboratories 
report the demulsibility as 360, 460, and 1,620, respectively. 

3. Alkali-absorption numbers: Results with the oils of low alkali 
absorption are in fairly good agreement. With the oils of high 
alkali absorption the agreement is not generally so good. 

4. Carbon residue: Results are only in fair agreement; laboratory 
B generally reported a lower figure than the others and laboratory 
A a higher figure. 


RETENTION OF EMULSION-RESISTING PROPERTIES AND 
LOW ALKALI-ABSORPTION NUMBERS OF OILS DURING 
ENGINE SERVICE 


Regardless of the emulsifying properties of the unused oils, after 
the oils had been run in the engine for an hour they all failed to pass 
the emulsion test with caustic soda and all had a very low demul- 
sibility. 

A series of successive emulsion tests was made during one run 
with oil B—2, which before use passed all the emulsion tests and had 
a demulsibility of 1,620. After 30 minutes use in the engine the 
ol would no longer pass the emulsion test with caustic soda, and its 
demulsibility had dropped to 135. 

Table 10A shows that in some runs of oils of initial low alkali 
absorption after 4 hours’ use in the engine the alkali-absorption 
number had increased to more than 0.30. In every run of oils of 
initial low alkali absorption after 8 hours, use the alkali absorption 
- Number had increased to more than 0.30 (usually it was much higher). 
The table also shows that in most of the series of runs the alkali- 
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absorption number of the oil of low alkali absorption increased at 
a greater rate than that of the corresponding oil of high alkali 


absorption. 
TEMPERATURE FACTOR 


When results of the experimental work were being correlated, it 
became evident that some uncontrolled factor or factors had influ- 
enced the results. It was appreciated that although many unknown 
or unrecognized factors might have important bearing on the results, 
the temperature of the combustion chambers and pistons of the 
engine possibly was of greatest importance. Data taken during the 
runs furnished no means of determining or calculating these tem- 
peratures, but attempts were made to calculate factors which might 
indicate approximately the relative temperatures for the different 
runs. 

The “temperature factors’? shown in Tables 5A, 5B, 9, and 13 
were obtained by “cut and try.’ methods. Factors that might be 
expected to influence or indicate the temperatures of the combustion 
chamber and piston were multiplied, divided, added, and subtracted, 
until a set of figures was obtained which seemed to correlate with 
certain results of the tests of the reference oil. These figures, the 
so-called temperature factors of this report, were obtained for each 
run by multiplying the average horsepower developed during the 
run by the average jacket-water temperature for the run. There is 
little scientific basis for factors so derived; the only excuses for using 
them are that they represent an attempt to indicate the influence 
of an important variable and they seem to correlate certain results 
which otherwise seem erratic. That such unscientifically deter- 
mined factors do correlate certain engine-test results indicates 
the need of accurate control and determination of engine tempera- 
tures in work of this nature.. 


TEMPERATURE FACTOR AND PISTON CARBON 


Examination of Figures 3 and 4 (pp. 8 and 10 ) shows a general 
correlation between weights of piston carbon and ‘“ temperature 
factor.’’ This relationship shows better for the test oils in Figure 3 
than for the successive runs with the reference oil in Figure 4. Note 
in Figure 4 that logs 35 to 39, inclusive, followed complete over- 
hauling of the engine and were in the nature of a “run-in.” Note 
also that differences in weight of deposits of piston carbon can be 
correlated roughly with differences of temperature factors for the 
test oils of different series and fairly well for the averages of the 
runs with reference oil, as follows: 
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Relation between differences of weight of piston carbon and difference in ‘temperature 
factor’’ for test oils ; 


in weights | Difference in weights | Difference 
Oils of piston perature Oils of piston perature 
carbon factor”’ carbon { ” 
(gram) (gram) 
A+? | p=}. 
~ | 0, 06 SS ee 13 1.54 
$-2 ~.35 OB Ba ihe iat esas —.4 —1.45 
ial 34 3.73 || D-l\ (repeat). .......... —. 52 —1. 45 
S-2 RT Pore | -.41 —. 06 8-2. Kose telat he acer ane A : 12 —. 60 
SN Gow nttad ole bts el tp tae A=*) (repeat) _....-.....22 es pa 
a | 58 1.50 A= peat) | 56 1. 20 


eesti iby ie ol ea | —.42 aes” TN = a ne ene a —. 58 1. 08 


The correlation is not quite so good when individual runs rather 
than averages are compared, as indicated by Figures 5, 6, and 7. 
The ratios shown by these figures indicate that of 12 runs with oils 
of high alkali-absorption numbers 8 gave more piston carbon than the 
8 corresponding runs with oils of low alkali-absorption numbers. 
High temperature factor corresponds with high piston carbon in 9 
of the 12 runs with oils of high alkali-absorption numbers. Oils of 
low alkali-absorption numbers deposited more piston carbon than 
their corresponding oils of high alkali absorption-numbers in 4 out 
of 12 runs, in 3 of which the temperature factor was high for the oils 
of low alkali-absorption numbers. Of the 12 pairs of runs with the 
reference oil, high ‘temperature factor”? accompanies high piston car- 
bon seven times; in 2 runs temperature factors for both were the 
same, though piston carbon differed. In 3 pairs of runs. low ‘‘tem- 
perature factor” accompanied high piston carbon. 


TEMPERATURE FACTOR AND CONSUMPTION OF OIL 


As has been noted on page 24, relatively high consumption of oil 
correlates with relatively high percentage of low-boiling fractions 
in the test oils in 7 of the 12 runs with the oils of relatively high 
percentage of low-boiling fractions. In 4 of the 5 runs where this 
relationship fails the failure correlates with a relatively high temper- 
ature factor. Thus, 11 of the 12 cases of relatively high consumption 
of oil can be explained either by the volatility of the oils or by the 
temperature of the engine. 


OTHER POSSIBLE INFLUENCES OF TEMPERATURE FACTOR 


In Tables 13, 21, 22, and 23 are some indications that temperature 
factor influences the formation of insolubles, either directly or through 
its influence on the consumption of oil. This relationship seems to 
apply particularly to the runs with the reference oil. The possible 
influences are merely mentioned here, however, as the so-called 
temperature factor at best only roughly indicates what a similar 
factor calculated from adequate data might show. 
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SPECIFICATIONS AND TESTING METHODS FOLLOWED 


When the present investigation was being outlined, the Federal 
specifications for petroleum products and the methods of testing 
had been published by the Bureau of Mines as Technical Paper 305 ” 
and Technical Paper 298.74 

Accordingly, all references in this report to Federal specifications 
and testing methods are to those two technical papers. Both of them, 
however, are now out of print, as they were superseded by two later 
publications.”* 

The specifications mentioned in the present report have been 
changed only in minor details since the work started. The methods 
of testing have been changed somewhat, but the changes only tend 
to make the methods more definite, so that for the purpose of the 
present investigation reference may be made to any of the technical 
papers mentioned. Page references to corresponding specifications 
and methods appear in the following table: 


Page references (in technical papers of Bureau of Mines) for specifications and 
methods of testing 


Technical Paper 


Specification 
305 | 323 | 323A 
Aviation gasotine domestic grade. __.....2 2-22 eee ee ee eee ee ee 3 2 2 
Lubriesnts: 
CUSSS ON 2a fa soho eth te Ss ee Sh ol oat les Se 12 11 9 
CHSS Ce ee os BEG ee se ule ne? a poate ede ealiied oe ke Wee eee eet l4 13 12 
Technical paper 
Test method Federal | 4.s.T.M.N 

aya: 208 | 323 | 323A 
Color by Saybolt chromometer.........---...-.------- TO. Fs ec ctctcn oeeeeecs de 3 Al ilicseces 
Oe tip ee ee Se i ae ee Tt 10.11 | D156-23T_. Loe. © Aer Pee 30 
Color by Union colorimeter.....222222.-2222-22- 22 ee 1002 eh DTA 2a ttn alee ual eae 33 
Cloud and pour points. ...........--2-..--.----..------ 20.1 | D97-21T. 2-2... ri eens ree 

WG ec ease aee ett fe acee cows tav an phase piace 20.11 | D97-22T. 2222-2 | eee. 2 | 
Viscosity of lubricating ODS) 2, 722 xau cecwendartwhenl eae. 30.1 | D47-21....-....... T douse ease 
TGs cae tas atts oe or OR DER ae Bile meat yn 30.11 | D47-22.___....-_.2_JuL oe. 36 |__---- 
W ISCO tnd ta coe watt ho eee ne Lee eae 30.4 | D&8S8-23T.....22222[- |e __.- 39 
Distillation of gasoline ..............----2.---.-------. 100. 1 D86-21T. 2.2... Td occiss eee 
a of nS e aE, oe ee at, een ate agit nae ako ht et Bina whee ven cael LOORT ee oc eles aoe Seco hse 43 |..---- 
hay aces Se Sag epee ee SEEN eect aD Ate te PO ee 1 Para ete es ee lee Ih eek 46 
Open- cap flush and fire test..........-2.22-20---------- 110.3 | D92-21T__.__ 22... 28 58 |..---- 
DO 2 eB tten to he Ah a BE rah a oR Duet Se es i ee ees oo Se 110.31 | D92-23T.___... 2} oe eel eee 61 
Pree avon number. ...2222.---2-- peecusie st oan Ne Sa 310.1 | DQ@1-21T._........' 40 . 73 
Emu — testeat W30? Bee ce ee “De 320.1 Joi... diet Tamia ood. f 42 V2. fees 
Be Mina ett Hn LAN ce iia JOD ooh ch ort Act Tanne Oecd oh BOOC TE Mote tee ate oer dae (el hae 15 
RVAiISOR LOSE OU TSOT eso oe lee tock tie seudnn OL 2 Peet ce ele el leat 43 Td: (eeS5ee 
Dt eee aaNet ba ais Cee i ox Dee ea header ee, BOO OU orc cat Suche aon, WN hetae ise dad 76 
De mulsibility ME BOS Pod eee ene. eA tae Cw POND! | Pace iG ee eee gchar 43 Td: [xesees 
cee Kips lind A che aie aie cia eet Cer teal SOO SP ao eGo tees orca Wodedaledeeuch > 0 
Demwlsibiity AEE eo acute eet oe Meets oe DeOld. 26 ud eee ete ue 44 yg. i ene 
OR Ate he are Ee Se ee BOOM ee ee ohn eae Neal) Ad 
pes POSMICe 2.22 keke Mes Buln ect Sie GS eh ee co 500. 1 )47-21_....._.__.. 46 76 |_..--- 
Oe CT eer PECL nN ee ee BOOP eben en tie) eld ace hdl dee leet 79 
Reaction test. ....2.----- 2-02 -e ee eee eee eee ee eee ee eee BIOS eo ete aa tA io 47 7 80 
Acidity in pasoline...........---.--------------e eee eee B10, 2! Wiecee ated aene sause 47 78 80 


7 Technical Paper 305, Specifications for Petroleum Products Adopted by the Interdepartmental Pe- 
troleum Specifications Committee, Effective Jan. 23, 1922; Amended Mar. 1, 1922: 1922, 40 pp. 

1 Technical Paper 208, Methods for Testing Petroleum Products, a Handbook for Testing Laboratories, 
Adopted by the Interdepartmental Petroleum Specifications Committee: 1922, 58 pp. 

2 Technical Paper 323, Specifications for Petroleum Products and Methods for Testing, Federal Speci 
fications Board. Standard Specification No. 2, 1924, & pp. Technical Paper 323A, United States Govern: 
ment Specification for Lubricantsand Liquid Fuels and Methods for Testing, Federal Specifications Board, 
Standard Specification No. 2c, 1924, 89 pp. 
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SPECIFICATIONS AND TESTING METHODS FOLLOW ED 
Page references (in technical papers of Bureau of Mines) for specificutions and 
methods of Seg ORUIE, 


Technical Paper 


Test method Federal | 4.8. T. M. No. 
: 208 | 323 | 323A 

Bree ACG 2 cst h aaa ent ede ke ent asuele ee tse 610.3) | D47-21...22...22.2. 47 78 80 
Sulphur in burning oils...........-..--......----.----- 520.1 | DVO-2IT. 2-2-2... 48 7B 81 
Doctor test.2.o. 22 ees eck eee k cok. chet oewiwies deste O20E8) tes eee cea Soo ess 52 R3 85 
Corrosion test (copper dish). _........-..-..-..--.--.-- OS Woot temere a at nre Se HN 88 86 
Corrosion test at 212° F_...... 22-0 1% [0 EX Gg ave eee eee te a 53 . 

D0 oot eshte tei ean em al coat wee ae SOY eect nce eae ey se bate ee rg ered 87 
Saponification pumber...........-....-.-----.--------- 540.1 | D94-21T__.-.-_._- Ae | R5 87 
RACUG Oe 2 coats ted Geta 3 rete ica pe Ria eee ad Aah, We tees o SRADE DS lect cil entia chemi ue mma HY) R6 88 
Unsaturation in gasoline......2-2.--2.--.22-- Rime taciscee ces DO Ly jhoceeteanneme otis, ahha | 55 86 [ole 


TaBLE A.—Comparative tests of oil B-1 used in dynamometer tests 


Laboratory 1 2 3 4 
Gravity, °A. P. I......-------- 10S Soeddee 165 rocunn am adcoewosttes 19.4.......| 19.5 
Specific gravity.........-..---- | 0.087_..2.00- ONG gees tee ees | 0.938__....! 0.937 
Color, N. P. Al .....2-2-2------ + eens eae DADS Sates aac sGeeeeeeeeeoe he a ees | 4— 
Color, Robinson. ..........---- ONG. ocwwes CO) eons brite ei pee ailes Cy oueties f 9 
Viscasity: | 

MOO? Fes pene ues atthe 304...2.-22 2. BO leo ene a eas: UO tare oe 303 

1308 Fon 8 on ck eee 138.2 cso 2 [oS act or eae cove i ere 128 

Dah ed pecce Nas neces| Ml Deantac woke Sa ace ote Sed. dialect ena er omental 62.5 

D10o Fe 6 sie ete AG ee Wiis cao eset Sate onticis ee ude wea 8 ) SOs 25s Soe 46 

Emulsion: 

130° F. A300 2.2 2.2.2... (1) Daron pemenere 39 c. c. clear water; 41. ¢.¢c. | O. Kio... Passes 

turbid oil. 

Iper cent NaCl. 2.22.2... Q). Plz ciersiNOe.. ao Cea dain Bete Sa eg do__.... Do. 

IN: NaO His ds sede cawece ce 100 per cent_| 3¢. ¢. slightly cloudy; 2¢.¢. (...d0_...-.- Does not pass. 

turbid; 75 c. c. emulsion. 
R. E. number. ....-.------- cts OOO es tice ete tae to HE cates A 
POU? B seg fee Ge tas adie SA od wuld et mL Ge Sousa da aldnck etna et | erent | <0 
Alkali-absorption, mg. KOH | 1.15......... 103 25 ele Stk cetewetes T0t.2 Seed. 1.116 
per gram. | 
COMOSIOG 2 ook wee ee eeceeesS O KK... ONG. 25 2scesoue eee oes WO TA Sok ee Passes. 
Demulsibility, 130 Fool. lll. 960... 222.68. 135. hte eeecndauonte cscs Ue Ck see 420 
Flashy OR ou ao ec urue aces 1s en ee nn Ra 360_.. 2.2. | 365 
Fire, ) nC a mem 415 oe. DS got het So end ce lee a Ja 410.0022 | 430 
Ash. per cent. 2... 2..22....00--- NOUC 2.2055.) NODE sce cove we oe eset net None..... 0.0037 
Carbon residue, per cent... _._- 0.04. ......-. OQ cg ay roe nth | 0.088_..... | 0.08 
ae co 
Laboratory 7 8 
Gravity, °A. P. Tl... 2.2.2. 193 cecvcwewteeeue ee 19.3 
Specific gravity. .-....--.2- ; : 85 ae ae ee ne a () 
Color, N. P. A_.... 222-2 ee io, cee ee eS (1) Oar wetale eee Do eees | 334 
Color. Robinson. ..--...... C)iseca geese cee Ge (4) Oye ee daeceocosate re) 
iscosity: 

JOOP nes en Bae d QO cro B ao nec Geers BOS |) 802k eee ee. Sees 305.5 

1300 see een ae 2, em nee an) TRO otece coe tune caidas 132.5 

Vier ee a ee 60s 5 a (@) (Dice et beeesust dcop 60 

210° Fe... 122-222-222 A nt te (‘) | 46.5 oe ec ete odie 46.5 

Emulsion: 
130° F. HO .........- 11 minutes, O. K_.|  () 41 c.c. oil; drops oil to | 42 c.c. oil; 38 c.c. water; 
| wall; 40 c.c. clear slight cuff.3 
water. 

1 per cent NaC} _. __.- i 13 minutes, O. K.. () 42 c.c. slightly turbid | 42 ¢.c. oi]; 38 ce. c¢. solue 
oil; 39 c. ¢. clear solu- tion; slight cull. 
tion. 

IN NaOH... 22-2... 3 ¢.c. Clear solu- @) | 12 ¢.¢. clear oil; 31 ¢.c. | 30c.¢. oil,4 23 c.c.emul- 

tion; 77 ¢. ¢. emulsion; 39 ¢. ¢. sion; 27 c.¢. solution. 
' emulsion. | solution. 
R. E. number_.....-... 0... (Ys oli A le alle, GEE) ki. fs, 2 Eee heli tes 3.0 
Pour, °F. Pe ae) 11 | aan nee rT <O|._. LL. a i) 
Alkali-absorption, mg. | 1.95............... 102 :|\ 100 nu. edocs. donc: 1071 
KOH per gram. 
Corrosion. ................. Oe alt singel ds () O. K.........--- Copper very. slightly 
; discolored. 
Demulsibility, 130° F...... es verte et tee sone: \ 200 | 480.......-.-..--2-2 221 250 
a i BAR cee a 1) Se ee 360 
Fire, °F .. Sencasgeel AN ce cane Ga micro! DOA PAN Sek sorts ado neces ce , 410 
Ash, per cent. Sa cidec WOOT su csalae (1) NANG fen bs oer 0.0054 
Carbon residue, per rie (i (eee manatees 0.06 | 0.005.............._... 0.098 
1 Not reported. ’ Not determined. 115 minutes ‘1 bour 
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TaBLeE B.—Comparative laboratory tests of reference and test oils used in service 
runs 


tn 


Oil 8-2: Laboratory— Oi) A-1: Laboratory— | Oil A-2: Laboratory— 
Property 
A 


nr 


Specific gravity. .....} 0. 9375 
Gravity, ° A. P.Tll.| | (19.4 


Color, Robinson_..-.. 9 
Color, N. P. Aww... 3% 2 
Viscosity 
100° tewcewccese 302 308 304 209 203 201 289 207 298 2B 
130° Foo. lll 130 131 131 129 127 129 12 129 131 18 
Man fdetradwaccre 55 55 56 5% 55.6 55 56 56. 2 55 56 
910° -Fvieeiccacul 46.6 46 46 46 46. 4 46 48 46.5 46 4s 
Emulsion: ; 
b 3 6 earner racer O.K.| 0. K.| 0. K.| 0. K.; 0. K.] O.K.| O.K. | N.g.| N.g.| Neg 
NaCl.........-..| O. K. | O. K.] 0. K.| O. K.| 0. K.| 0. K.| O.K.] N.g.| N.g.! Nig 
NaOH. 2222.22 ee N.g.| N.g.] N.g.| N.g. | O. K.|] O. K.| O. K] Nig. | N.g.| Nig 
R. E. number... __.-_- 2.0 3.0 2.5 tee 1.5 1.5 1.0 7.0 8.0 3.0) 
Vemulsibility, 130° F. 223 172 207 1,620 460 360 | 1,620 120 6] 162 
Poth, * Foc cosccuuee —10 —5 0 —0 —10 —6 0— 0 —5 0- 
Alkali absorption, 
mg. KOH pergram.| 0.30 0. 37 0. 33 0. 28 0. 02 0. 0B 0.025; 0451 0.75 |  O.% 
Corrosion. ...-..2.-2- K. . K. | None. | O. K. | O. K. | O. K. | None. | O. K. K. | None 
Flush, ° F_..c.2...... 370 3605 365 360 365 355 360 355 355 | 355+ 
Pinte BovsweteanZice 410 420 405 415 410 410 405 405 410 | 395+ 
Carbon residue, per 
rea 0] Gee a eee 0.10 0. 07 0. 06 0. 06 0.10 0. 02 0. 04 0.11 0.02 | 0.0% 
Ash, per cent.....2.-. Nil. 0 | 0.0015 | None. Nil. Nil. | 0.0025 | 0.010 0; 0006 
Oil B-1: Laboratory— Oil B-2: Laboratory— 
Property - 
A B C A B C 
Specific gravity. ........---. 2-2 eee... O0B72 leo cetstcelkct ocaesee 0.9385 |... __.- | ceases: 
Gravity, °A. P. 1... ..0 02.02.2222 2 eee eee 19.5 19.5 19.6 19.7 19.8 | 19.7 
Color, Robinson...........-...... ------- | ol; 2) 2 (eae 914 1) - 
Colors Ny Pi he. foe oon ee | 3+ Bly Bly 3 Ly Slot 
Viscosity 
LOOT Fe eee cee tonite eon ar 302 3083 305 307 306 
TG0P Reb ital ol enom laa sabato ic! 130 132 130 130 132 133 
PGE ics ache Ms Oct phase Rok a ened Rega alate 56 55 56 56 56 5 
GOT or ocala aati Sse caret 46. 4 46 46 46. 8 46 46 
Emulsion: 
sO pases 5 tone Ga tanc iGouddnauuetee tees O. K. 0. K. O. K. 0. K. O. K. 0. K. 
INC loz concen cence cee accuteeeen O. K. O. K. O. K. O. K. O. K. 0. KB. 
NaOH 525.005 4.050c00. 000 see Beka N.g. N.g. N.g. O. K. O. K. O.K. 
RB. Mu etic tees os eae eerste 15+ 15 1,5 1.0 1.5 0.5 
Demusibility, 130° F__.._..........-.--...! 480 40 20 1, 620 480 1, 440 
Pour°F._._..._............_......---2---. —5 —5 0- —5 0 0— 
Alkali absorption, mg. KOH per gram.... 1.00 1.12 1.07 0. 0. 04 08 
COMOSION = 235 facets ae meu at . QOORe SOL. None. O. K. O.K None. 
Flash OF..2. oc. cc ss ccc eee. 370 | 365 370 365 60 | ee 
Birt, OF alc ete seu eer Pie eras 415 420 415 420 ae 410 
Carbon residue, per cent..........--.----- | 0.10 0. 04 0. 09 0. 0% 0. 06 0. 08 
ASH, Der Clntsc2e 2c. toe a Soca get edeces Nil. Nil. 0. 004 None. | None. 0. 002 
| oe dle oo teenth te enn 2 Sikes e es 
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Taste B.—Comparative laboratory tests of reference and test oils used in service 


runs—Continued 
Oi] C-1: Laboratory— Oil C-2: Laboratory— 
Property - " 
A B C A B Cc 
Specific gravity. 2.22.2 ee eee elle Of O72 esecosuce lose 0: G807 xen ee coos eacticoues 
Gravity, CAs Police site ee oto ceboaene Meus 19. 5 19.5 19. 4 19.6. 19.5 19. 6 
Color, Robinson...............-.-.---.---- 3+ Seles et owes 534 694 aseeeceees 
Color, N. P. Av... 200 -o eee eee eee eee cee 5 5 5 44 4\ 44 
Viscosit y 
002 Bs Feces nese) Saute ylee ten alters 338 338 336 334 337 336 
180? Beg ce wottee cack wear ue a aeaes 139 139 141 138 139 141 
NGO oe ec oa tates son 57 87 87 57 57 57 
DOR cn cee cele donee tan oe _ 47.6 46 48 47.3 47 48 
Emulsion: 
PAGO gle ee hah oh a a See N. g. N. g. N. g. O. K. O. K. O. K. 
IT oie Saas ie St cet aR ae pays, he N. g. N. g. N. g. QO. K. O. K. O. K. 
NGOs eeu ck oc ce eels vet oetee N. g. N.g. N.g. O. K. O. K. O. K. 
R. E. number_.............2---.----22---- 17.5 16.5 20+ 7-11 1.0 1.33 
Demulsibility, 180° F_...................-- 2 27 0 405 1, 620 184 
OU Raichlen et ers nal eth Peo se ae 0 0 o- 0 0 0— 
Alkali absorption, mg. KOH per gram....| _0..60 0.79 0. 60 0.04 0..08 0. 085 
CONTUSIONS 9 oc ous test eet eae dae O. K. O. K. None. O. K. O. K. 0. K 
Flash, See De ERC Tyna cantar Nee 340 335 335 340+- 335 340 
Bey ee aetna hap ick ty ao gia 400 385 380 395 385 385 
Carbon residue, per cent........-...-.-.-- 0.15 0.11 0. 13 0. 10 0. 11 0.11 
Ash, per cent.......___-_.. eee eee 0.015 0 0. 025 Nil. None <0. 001 
Oi] D-2: Laboratory— 
Property 
A B C 
ae ee ee ee eee 
Specific gravity...........................| 0.9840 |..........|........-. 0.9320 |..........|.......... 
FAVE, 2 AP. Tou cao e eee eecae wecase 20. 3 20.3 20.3 
raed Robinsoon Jey ode obaren et hecueed ON)  GUb eit! 10% 10 lowed 
Clore NSP Ae ee eee et phe 3 ee 
Viscosity: 2 
100° | ee DY at ere ae a oa ene 207 302 206 
NM We cei pe J omte ne Bad eke Dwi 8 127 130 128 
We Brneesesssseeceeeeeeeeeennenwwse se) ] 
Emulsion: Tt 46.2 46 48 
TNO os aioe See octet oe teed! O. K. O. K. O. K. 
EG GS icin eccrine sins: O. K. Oo. K. O. K. 
R NaOH io co eee es N. g. N.g. N. g. 
-E. number... -....--. se 1.75 i B+ 
Demulsibility, 190° Foo ee oe oe 1, 620 1, 620 
POU OP te ee 5 8 o— 
Alkali absorption, mg. KOH per gram ___- 0. 05 0. 10 None. 
Flee eee ie esata eke ena ean K. O. K. None. 
Fiebre eee ee 350 345 343 
id oe OR dpa RRM IRE 410 405 395 
D residue, per cent...............__. ; 0. 0. 06 0.09 0. 05 0.09 
p PET OO se oss rod bs cae Sane Nil. None. | <0.002| None. None. <0. 002 
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TABLE 1.—Comparative tests of unused lubricating oils 


Property Oil S-2| Oil A-1 jou A-2/Oil] B-1 |Of] B-2 ,Oi] C-1 |Oil C-2 Oil p-1/ou D-2 
Specific gravity...-.-.....-..- 0. 9375 | 0.9287 | 0.9317 | 0.9372 | 0.9358 | 0.9372 | 0.9367 | 09340 | 09320 
Gravity, °A. P. 1...... aie | 1941 208] 24] 195] 107] 195} 196 2.3 
Color, Robinson............- 9 1644 2 We 94% 3+ 104 
volsts NY Pe Aiea ceceads 344; 144+ 6 3 3 5 416 2% 
ity: 
100° FP escser se ceese 302 203 | 207.0! 301.8) 3066| 3382); 334.0 206.7 
1800) Foci tate atu 129.5 | 126.5 129 12.8; 12.8] 13888] 1383 177.3 
| a 5 A ade 56 55.6 56, 2 55. 7 56.0 57,2 57. 4 542 
210 Fo cts Z 46. 6 46: 4 46.5 46. 4 46.8 47.6 47.3 46.2 
Emulsion 
| 8 (| © RM Renee Neca Mere eeeer te? O. K. | O. K. (1) O. K. | O. K. 0 O. K. O. K. 
NAC on aee ce corte aG .K.| 0. K. (1) O. K. . K. (Qj O. K. O.K. 
NaOH, per cent..__...-- 91.3; O. K. 87.5 61.6 | O. K. 66.2) O. K. 27.5 
R. E. number _........._.-- 2.0 1.5 7.0) 1.64 1.0 17.6 | 27-11 1.75 
Demulsibility, 130° F...._..- 223 460 120 480 | 1,620 22 405 
Pour; °F 2o65 se ce een cas —10 —10 0 —§ ~—§ 0 0 5 
Alkali absorption, mg. KOH 
per gram. ._.........-.....- 0. 290 0.02; 0500 1.00; 0.025 Q. 60 0. 04 Q 05 
Corrosion.............-....-- | O. K.| 0. K.| O. K.| 0. K.| 0. K.| 0. K.| 0. K O. K. 
Flash, °F_......-.....--.--- 370 365 355 370 365 340 | 340+ 350 
Fire, ° F...............------ | 410 410 405 415 420 400 395 410 
Carbon residuc, per cent...... 0.10} 0095; 0.110; 0.005 0.09} 0.145 | 0006 0.0 
Ash, per cent...........--..- None. | None. | 0.010 | None. | None. | 0.015 | None None. 
Sulphur, per cent.....-..---., 0. 65 0.74 0. 77 0. 58 0. 61 0. 78 75 057 
I. b. p. 40mm.), °F........ | 892 378: 360 405 410 336 345 372 
Oxidation, mg. per 15 gram... 90 11 | 136 56 16 216 22 38 
| 
1 Did not pass. 1 Difficult to determine exactly. 
TaBLE 2.— Data on new oils used in comparisons 
Emul- Alkali | I. b. p. 
Demulsi- : .E. , 
Oi} sion, absorp- | 40 mm. Flash 
bility ! NaOH number tion absolute 


1 See p. 27 for discussion of results of demulsibility and emulsion tests. 


TABLE 3.—Flash points, viscosity increase, and fractional distillation of test oils 


Percentage distilled 


Average I. b. p. 
Oi) viscosity | Flash | go mm. 40 mm. 


increase | POMt | absolute 


392° F. | 437° F. | 482° F. | 527° F. | 572° F. 


ye eres 50 365 378 1.1 8.6 2A. 6 45.6 74.8 90.8 
A-2........ 75 355 369 1.9 10.4 26.1 50. 4 68.3 $8.1 
B-1...__.. 63 370 405 |..-....._- 6.7 28. 1 51.7 76.6 92.3 
B-2....___. 28 365 G10 cones 2.8 19.4 51.3 78.4 4.2 
Cale 128 340 336 3.7 13.3 31.4 54.1 75.6 91. : 
omy Senne 130 340+ 345 3.0 11.3 7.8 50.8 70.6 87. 
Dale es 55 345 361 1.3 6.71 » 24.0 51.8 78. 2 92. 

D-2.__._.. 46 350 372 1.2 7.3 24.1 53.0 77.4 93.0 
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TABLE 4.—Gravity and viscosity of first and last 10 per cent fractions of test oils 
(Distillation at 10 mm. pressure absolute) 


First 10 per cent Ten per cent residuum 


Oil 

Wiese! Viscosit Gravit Viscosity 

° A. P.I. | at 100° F. | ° A. P. I. | at 210° F. 
|) EE RE eRe aT NA Ree RET ELT nen EP TED 24.2 §2.2 19.1 120. 4 
BRD eh ras duet denig a.) s soe nactenasciedun ah oneeeuwate 24.2 49. 0 17.8 151.7 
Be eae esc al datatl eta peice ela rycen Scien he aay wea oie ds 22.4 63. 1 16.5 142.0 
Bd ed ses asters ciel eee nat doe IS ta Se 22.3 66. 0 17.1 119.0 
Oe eet tak ee ceed ne ee ee rare 24.6 49.4 15.8 195.5 
OE ea eta as eh Sst es HORN head bas Bite Stas Ease 25.1 48. 2 16.4 191.7 
eho oes colt ed ee ns Urbane auc onde oe Lees 23.9 65.5 17.3 139.7 
DR se cone ee usta tiie tha alee deanna es Soke 24. 0 55.3 17.2 145.8 
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TABLE 6.—Ou consumption (showing method of averaging) 


Total consumption of oil, pounds 


Oil ‘ a Corrected 
econ ird Correc- | average 
First run) “yun run {| 4¥erage} “tion consump 
tion 
Rea uy ietue eecew see etone eet coe: 4. 64 6264 ou cesoen ee eee 5.45 
BaD pow ta cee ne iene eeenaien 6. 88 SRO. ecdac acts 6.30 |_.... __. 6.39 
Boo eub dace abel embeadaweeeeiee 6. 13 6. 44 7. 25 GG): oss eee coe 4 61 
BE oeekae hu cae oon Soe heel wees 8. 29 1. 20. \eweeowees 7.79 | —0.31 7. 48 
BP os elvan au nw enaregouevanns 619 B82 Voce ccuces! 6. O1 —0. 31 5.70 
Bd oes aire Me not oer eared 7. 25 6, 26 7. 26 6.92} 0.31 6.61 
Oa tated esa cutinnehte a Deane. 8 95 9.89 |....-...-- 9.42] —1.34 & OS 
Sl Senna Mae ae UE cee Pr ity enna eee & 60 aS at aie 847 | 1.34 rie 
Boe as cee o eee sabe eereten Rereiaelains 6.17 8 08 9. 57 7.95| 1.34 6.61 
Dh a taeda ele can att Que 9. 62 9.07 |..-...---- 935} —249 6. 86 
| 2 =) RNR T eR ene EEE en Rete ae 839} 110.75 |.....--.-- 9.57 —2 49 7.08 
Bd ae on ee eso Sens ee oan eee ee 9. 57 8 27 9.45 910} —2.49 6. 61 
Dl ee aces ote ac ksuem oes 8. 85 & 76 |.....-.--- 8. 81 —1.4 7.52 
DE ip ee onan ich See menaned 9. 14 8 58 |_.-..---.- 886] —1.20 7.3 
oy SNR tee eR eae ah Pea RENT Oe Fe 8. 67 8 01 7. 02 7.9 | 1.29 6.61 
RST 5S chased aoe see ce BG oh tel 9. 53 AON akon 8 8.98 | —0.93 & 05 
oe ae asco oe | 9.04 7.83 |.....-.-.- 844; 0.93 7.81 
BD ee eee oe eee . | 7. 02 7. 55 8. 06 7.54 | 0.93 6.61 
1 Burned wrist pin this run. 
TaBLE 7.—Torque on test runs, corrected and averaged 
Average torqu4, in pounds, 158¢-inch arm ! 
] | 
Oil Correc- | 
First | Second | Third | a varag,! tion Corrected 
run run run : ag | multi- | aversge 
| pher 
—————— ee ee ee aa eames 
ea seecta tea tects a Sent Stee t Pene 95. 1 97.8 |.-.--.---- 96.5! 1.000 96. 5 
|) RIEL ENE LOG et CI Cement 97.3 ce 98.6; 1.000 6 
Ba sae eee a esha its 06. 7 04.9 93.9 95.2 1. 000 On ; 
Belcan ed csern te eens 99. 0 O45 haeee ous 96.8 | Lol GR 2 
12 ey ee ene ee eines rere nee 94.0 yy ay eae 04.1 | 1. 014 95. 4 
Bay tee sere eect ate eae sce 93.9 04. 6 93. 2 93.9 1.014 065.2 
oP VRE eee tena eer ra nels ois 95.0 oe eee eee 4.7 1. 016 ms 
CaO eee ak 4 aes an tigee Same e acess eueas 04.8 OF Sle tomes 94.3 1.016 oe 
ed as cna le an eee ane aeees 94.3 93.0 93. 8 93.7 1. O16 ae 
Deh ssi Sen ceca tauiane odes tem cexee 94.6 91.0 |_......-.- 92.8 1. 067 #2. 
Neo hg eda aia a Rt 85.5 92.9 |.......... a. 2 1. 067 of ; 
BaP loon ht cee eco eaten nae 93, 8 90.5 90. 2 | 91.5 1. 067 an 
90, 2 
OY Na OR eT ee 92.8 94.2 o 4 i 93.0 [_...2-----[--2--2007" 
93, 4 | ~ ag. 0 
| oe ae en een tiage ade eee ree ee 87.9 93.5 |...-.----- 90.7 1.025 : 
1 nee ree eae ee ete 93.8] 93.0 |.......... a4} 1.0%] SS 
(ES Ete ee Ener ec Stated een Saeed eee 93. 4 92.2 92.9 92.8 1, 025 06 3 
RN eee Oe ait bet GeN aso oe ae Sekar 95.0 96.4 |.......... 95.7 1.006} = 65 
RD ai oa ened sate a aeese enced 94.9 ry ey) na ere 94.6 1, 006 On 2 
(CRA ae eee ree rman naan nee 92.9 95.6 95, 2 94.6 1. 006 ie 
SAG eee ea: ET MERE ONG reed Sena eae 


Be torque for last 7 hours of run. Torque for first bour frequently erratic and consequenuy 
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SPECIFICATIONS AND TESTING METHODS FOLLOWED 
TABLE 8.—Average horsepower output 
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Be re en eee so] ii@ii sii ss i eile 
e ee ee a ae ee | & eos cites dee a 

eo. os Le! é ¢ 16 soe Sy oo. oo s+ 46 ob  @ 4 
{| sero Sante Geese Coen 7 LSSSl RSERS BLSSS Lesage 
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Cee ee oe : SSRSS SRBSLRB SSBRQl RSRRS 
gc) seen Ss eernn ys tree 3 be | $2885 ged udddd sdess 

opted er a ae tse yy ; Bie eee a he cearee er ae 

4 Ge (Aba ee: | Gea ae Macua. ake quate ; = Leiecdeha, in Ba aan: Valen? clo Sane Sake. ances 

Poe iser Shane Uickeme wae arena, Ie z the eee we ee ee ae ee 

ee I Se a a be. Oe baie pace ial a, ata 

Pa a Ba ee a eS et ae ae ee eee 

eae Sanam: Se os Wie. OE ae ee “3S Tira ce sec aa ar eS 

a oe (Se ate, pie eS Lea iy as sak Es = Ft cae abn ie diate ae on ae a 

ae ee dee os PI a 

ga Se ee ee eee. A ee ee Ge 

ee Se a eee eh a ee Se 
» ee eee aoe cet eee ee eee 
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Pressure due to leak in pressure-gauge line, 


Successive runs after overhaul. 
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TaBLE 11.—Viscosity changes, 8-hour engine samples 
[Viscosity changes averaged and corrected in proportion to changes in related runs with reference oi] 8-2] 


1 | average 
51 1 sD | 
72 1 72 
49 1 49 
53 . 924 49 
2B . 0% 2% 
53 . 924 49 

128 . 778 100 
130 778 101 
63 . 778 49 
66 . ThA 50 
52 . 754 39 
65 . 754 49 
44 1. 196 3 
41 1. 196 49 
41 1. 196 49 
49 1. 089 33 
7 1. 089 4 
45 1. 080 49 


1 Correction poleebat tee is average viscosity increase of 8-2 in first three runs divided by average viscosity 
increase of 8-2 runs in each series, respectively. 
? Burned wrist pin this run. 


TaBLE 12.—Formation of insolubles,! showing corrections and averages 


Insolubles, per cent by weight in &-hour samples 


BB BEEBE 


ie] 
my 
_— 


Z883 3333 32228 88 
BEER NBER NB! 


1 Material insoluble in or precipitated by A. 8. T. M. specification petroleam naphtha, 
9 Burned wrist pin this run. 
§ This and five that follow are reruns after overhaul, 
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Tass 13.—Consumption, percentage ,, ee and temperature factor for test 
and reference 


Tempera- 
Log ture 
factor 
Reference oil (be- Reference of] (af- 
fore engine over- ter engine over- 
haul): haul)—Con. 
; eee tae ena: 6.13 0. 316 65, 20 , Ye ae eee 8 01 0. 288 64. 75 
| Eee ene ene 617 . 263 63. 25 |) Eee re 8 06 . 329 67. 25 
| |, a ean ee 6 26 . 24 62, 90 | Denne Careseeree: 8. 67 . 378 66, 60 
| nee Ae 6 44 273 63. 06 Ol oscsetousedsuy & 79 41 62. 45 
| Pee e eee 7. 25 . 282 63. 42 BB cece asec cases 9. 05 . 366 66. 40 
Wiese hou 7. 2 . 275 62. 80 | eae 9. 13 . 304 61. 68 
USS s ioe & 08 32 61. 80 G8 oo ume ces Sake 8.00 1, 370 62. 30 
We Sees co sed & 27 . 358 60. 75 ons ee 8 37 . 358 63. 50 
ee aaa 9. 45 , 400 6L 30 O22ciwstecesese. & 72 . dd4 65. 60 
an aes! 9, 57 52 63. 10 See eer 9. 63 1,751 60. 57 
Reference oll (after Ole sse ses 10. 29 . 466 64. 60 
engine overhaul) + EE ae ee ae 10. 32 . 498 65. 55 
, eR She eae 7.02 . 222 65, 10 CA ceseseeoese. 11. 22 . 509 66, 65 
48 @eaecewvneea can as « 7. 55 . 327 67. 25 
Meee lea ce 7.75 . 318 64. 80 


4. CA(c QO 216 64. 50 0. 513 61. 40 
|b eerie Rec ee Nel 5. 80(a . 288 65. 64 . 4&3 62. 70 
Wi ciiee ti cace 6. 26(c . 240 6A. 75 . 580 63. 88 
Rea ape ea 6. 88(a . 310 64. 40 - 566 63. 40 
eee een 7. 83(a . 310 66. 60 . 437 63. 60 
| eee eee & 42(¢c . 296 67. 80 
Pee eRe: 0. 04(a - 386 66. 30 . 276 57. 30 
NO ie coors 9. 53(c . 308 67. 20 . 246 64. 50 
B oils: . 319 66. 00 
| ree . 20 61. 10 . 268 61.10 
|| eee 27 61. 04 . 353 61. 10 
|| ais nee one . 26 62. 50 . 800 65. 80 
Me ce cases .328 66. 00 . 448 62. 08 
o* EES eae ae . 322 66. 90 379 62. 80 
60. SR eeeevuwedSeacea . 300 65. 00 
Run in after new bearing fit 
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TABLE 14.—Weights of insolubles formed per pound of oil consumed 
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TaBLe 15.— Weights of insolubles formed per pound of oil consumed 


{Arranged by oils and averaged. Weight of insolubles, thousandths of a pound] 
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1 Five successive runs after overhaul. 
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TABLE 16.—Increase of carbon residue 


[Used oil Altered to remove ash. No correction for change in engine applied, as iucreaso of carbon residue 
in oil S-2 is practically uniform throughout] 


Final 
Oil samples om Average | New oil eee 
run 
Rel ete lente eon ose Sane ee eet eS eed Q 31 0 41 0. 36 0. 26 
PDE Ris ese et ras he cs cs ee els cee aed . §2 47 . 0 . 39 
artic i a eee Leer also sate a aeee . 60 46 . 3 . 43 
eRe i oie oth cig nee ene mde eae a 9] 35 . 38 .2 
Cel echa oie eh eae ease itt oe eed 58 . 61 Ams!) 44 
CaP ste) a deh eg hte Batt ca eine de ce al 46 . 53 . 50 - 40 
DN ott esi ls a eas Sac re Ak ea 42 . 33 . 38 .3l 
D8 crs eeu ue sora pucteslea se slseoseos Bigiews 2 . 36 33 24 
Del (repeat osc oeoes eo ecwcetectvees idee ices! 32 .3l 32 . 
D-2 repent) ee Seat nk an eae ae | 38 20 34 25 
A-l yePen Cickiucwtew ote toesantot irincad ten tino ke 32 33 33 2B 
RoO ODOR der vee tines ce eae eee ace ceed audea 438 . 48 48 37 


The following tabulation shows increase in carbon residue for successive runs with 
reference ol S—2 


Carbon | Carbon Carbon Carbon 
Log residue || Log residue Log ' residue Log residue 

increase |. increase | increase increase 

—— ——— 
Posed 0.34 |] 20........222. 0.38 || 35......2..2.- | 0, 24 
We iesy. “eel Bocceevs cece . 23 || $6_..2-2--2 36 || 45..--.22-2 28 28 
[k ae eos ae ers Aol ii’ 1 Saree oOe [Pblesewecesec cela teal os oe 48.2.2 22.222. 35 
1G cececsuet: 29 |. 30........2.-- Ps % ea | Us °. Cee ae A Se ree a eee OS lst sotenlee 32 
|: Se ae 46 || 33.-....-.-2.- 36 || 39.......-.... 31 

| 


TaBLE 17.—Carbon from lower surface of pistons, grams 


? First Second Third 
on run. | run run | Average 
Be es nts Bee eee io 6 be ce OT ea ake mete 1. 36 1. 80 |..-...---. 1. 43 
BD cee est Ne cus Beare es caps ea th poe in eens Bee ue ee ole 1.31 ey a) es 1. 49 
ge, EA Nine Te ee ee eed MAES oe a a 2. 28 1. 92 2.27 2.16 
Be het Se oe hee Seo ae ee gee a ae elcla ge Bate, Sige engen 2. 00 Vee 7 ail [eee 1. 69 
BD ens ssl hate ats Msn tia Ae pear etal se eR eran Aas es 141 ) y's es 1.35 
BD ss a Sie es ap eee ee A ea eth ce I ata acento aes 227 1. 52 1. 60 1. 80 
CA eerste la hun es eae eee canaries aay emaluietah nsec teas 2.41 2.62 |........_. 2. 52 
ae te sits Oa ats Reena als bt a ee Rare nen et teen 1 85 Pe | ne 1.04 
BD peat bay tN ante aan dana heats pat oe eda ates stelle See og occeh ts 1.35 1. 66 2 82 1. 94 
Da ee me aoe Sk ascethe hd a inh eas ba asta Ae 3. 38 1.94 |.......... 2. 66 
tS LAV ae te REE Sem GES TN RTT Sn ARO IO POPE ONE SET Src E 1. 65 a | a eee 2.53 
Be ie en ted orig aun ahe esis ee OS ee ao eS 2. 82 1.70 L 46 1. 99 
2 38 
a os te ag hae hoe Pesce dae take ceo 3. 65 2.29 2. 42 2. 67 
2 59 
| Oa ae ERE em RED FT EOS ee Re AONE RS ETT Eee 1, 89 ae (een 2. 32 
Marans tte en ocean eas er ere ete apc, ane Nae 3. 25 7 2) 2. 84 
RNase tye at ed as wet alas dota kena tata 250 2. 52 2 60 2. 60 
TC URS Pan NON 7 Ae ie MIS EET SR RIN, Soh LORE ares Sieg mae ane Si 2.77 DBR locdecccus 2. &3 
cates Aan tte ct ident tata ea ete emacs tidak. paws 2. 46 > | 2g, Gee 2.27 
ee he et pate atcha Sonik 354 aces te der ccs cums eae 2. 60 2.51 3. 30 2. 86 


1 Five rans in succession; run in after overhaul, 
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TABLE 18.—Combustion-chamber carbon, grams 


TC 


| | 
i First. | Second | Third Correc- Corrected 


run run run | AV@TA8E Ition factor, average 
RA es, Mite ee eee nd ee eae 5.14 2.96 |..-.....-- 4. 05 1. 000 4.05 
Fe) a ee aioe ROD ie See AE IER Pt oe 6. 13 5.43 |...---..-- 5.78 1. 000 ar 
Be Fi a ee a ete 521 6.38 6 31 6.97 1. 000 5.97 
PRD gt set eh crs oat tans ke & 43 (Sy eed 7. 65 952 72 
| | ey. ne ares Cas ane eeh as elie eh Sn eT 5. 57 5.04 |......_--- 531 . 962 5.05 
es aN eect Pee dadn se toeel aca Geek 6.31 5. 45 7.07 6. 28 952 5.97 
OPM de en geet eh eager 7.99 a 5 oe 8. 09 917 7,42 
Ce eas nd a ecicae dis erie | 8. 19 8.52 |..-...._.. &. 36 917 7. 66 
Sy AIO OG a ee AE OS IEE AEC SNe 5.76 7,38 6. 40 6. 51 917 5W? 
BSE hg ae ob re tar ane Pee ed ae 6. 50 ro. 1 ee 7.08 , 802 5. 64 
Wee 8 bo ht octane Sesh eee 6. 98 6.59 |.......--- 6.79 , 802 5.45 
Bares einen Nee neal artiste ona ee neat 6. 40 7.90 | nae 7. 44 . 802 & 97 
Bt ee eee ee tee 9. 49 9, 53 { 1 i SPO es EEE RE ete ne 

| 8 84 

| (a ee EONS Ten cee MOREA ESET a Ee 8.74 | poe eenes 8.74 704 6.16 
| 6, a ee ee ee ON A Oe 10, 64 9.97 |...-.----- 10. 31 . 704 7.2% 
BO tan eee Pog a rest eee to 8, 84 8.19 & 41 & 48 704 5.97 
FE a oe a ane oe OL nO aPC Cree) AION 8. 42 654 [octal 8. 48 , 684 | 5.30 
[0 SORE OO inl ey area ET | 8 12 8.64 |.......... 8. 38 , 684 5B 
Be cee ee eee es ae ee eee & 41 9. O4 8.75 8. 73 . 684 &97 


1 Five runs in succession; run in after overhaul. 


TABLE 19.—Differences and ratios of values of physical and chemical properties of 
new test oils 


ee ee 


Alkali-ab- ‘ Viscosity Carbon resi-| Light! Heavy * 
sorption ae | Emulsion, ae en pene due, per fractions, | fractions, 
Oils! number | seconds cent per cent per cent 
Lc ee ence R'pIf[|RipdiRI vpI{R 
a a VN an eS a a oe a eal 
A-2 | Ppacic | | | 
re \o. 49 25.2 | 5.5 | 4.7 | 87.5)... 4.0] 1.01 125 12.4 | 0.01) 11 1.8),127| 27/12 
] 
oe a ee cd esas —5.0} .08/ 40/35 | .o1)11 | 89/230! 19/133 
Gay 86 | 15-0] 8.5 | 1.95 | 66.2)... 4.0}1.01}19%]/98 | .05/1.5 | 20/118 |-22] .80 
D-AN 31] 7.2 5 | 1.29 | 25.0 1.9{ 50/}1.02} 3|1.09|-.02] .78|] —.6| .92] 1.0) 1.14 
D-2 | | 
| 
1 Fraction boiling below 437° F. at 40 mm. ’ Difference between numerical values of properties. 
1 Fraction boiling above 572° F. at 15 mm. ‘ Ratio of numerical value of properties. 


TaBLE 20.—Differences and ratios of values of property changes and engine test 
conditions for test oils 


A-2 B-1 C-1 DA D-1! Av?! 
A-l -2 C-2 D-2 D-2 A-} 


Oils 


See ee 


rrr. mf err rf er fete | eee | ee | 


Piston carbon, grams..| 0.06 | 1.04 | 0.34 | 1.25 | 0.58 | 1.30] 0.13 | 1.05 |-—0. 52 | 0.82 |—0 56 | 0.80 
Combustion chamber | 

carbon, grams. _....- 1.73 | 1.43 | 2.34 /1.44 | —.27 | .97 .24 1 1.08 |—-1.67 | .85 | —.10) .9 
Insolubles, per cent...| .071) 1.31 . 078) 1.34 - 075) 1.16 . 073} 1. 22 . O24} 1. 08 . 048; 1.16 
Total insolubles, thou- 

sandths of a pound..; 3.8 | 1.16] 1.6 |1.07} 23 | 1.07] 82 1/1.40/ 20 | 1.10) 47 |12 


Viscosit y increase, sec 

ONS cect we ees 21 1.41 | 25 1.89 |—2 .98 | 14 127 | 3 1.07 | 28 1. 57 
Oil consumption, 

pounds _._.........- 0411.17 | 1.78 | 1.30 95 |} 1.12 | — 22] .08 | —.05 | .99) — 54] 
Horsepower. ..-....... .8 {1.02) 1.1 11.8 .6 11.02] 1.4 | 1.04 J—1.1 7 | -.6 | .8 
Temperature factor._.| 1.39 {1.01 | 2.73 | 1.04] 1.50]1.08 | 1.54 | 1.02 |—1.46 98 i-1.20| .8 
Specific fuel consump- 

VORs ee eeca ke —.013| .976) —.001} .998) —.001; .908) —.022) .961; .013) 1.02 .00 | 1.60 
Carbon residue in- 

crease, per cent...... 13 1, .14 | 1.48 -O4 | 1.10 07 1.29 | 00 | 1.00 14 | 1.61 

1 Reruns after overhaul. §D equals difference; R equals ratio. 


Google 


SPECIFICATIONS AND TESTING METHODS FOLLOWED 533) 


TaBLs 21.—Differences and ratios of maximum and minimum values of runs with 
reference oil in test series 


Combustion -chamber 
carbon, grams....... 117 1.12: 1.62 1.30} 1.62 1.28} 1.62 1.25 .65 1.08 .63 | 1.07 

Insolubles, per cent... .043) 1.16, .019) 1.07 .260| 1.90, .165) 146; .186, 1.70, .107/ 1.48 

Total insolubles, 

thousandths of a 


! 
Piston carbon, grams .- 0.36 | 1.19 075 | 1.49) 1.47 | 209) 1.36 | 1.93) 017 ie 0. 88 | 1.35 


MN 2 cosecuoes: 5.5 1.24| 4.7 1. 20| 12.0 1. 56} 5.9 1.21) 10.1 1.68) 10.9 | 1.63 
User y crease nee 
eam nS Cpe a 4 1.34, 4 1. 08} 16 1.30} 11 1.19) 8 1. 22! 14 1.39 
Oil, consumption, 
pounds._............ 1.12 { 1.18, 1.00; 1.16) 3.40] 1.55) 1.80) 1.16) 165 | 1.23; 1.04] 1.15 
Horsepower. _......... 1.5 1.04 .7 1.02} .6 1.02) 1.3 1.04 .5 1.01) 1.2 | 1.03 
Temperature factor...| 1.78 1.083 92 | 1.02; 1.45] 1.02} 2.30 1.04, -85 | 1.01; 215 | 1.03 
Specific fuel consump- | | 
0a) + ee ee ee .006' 1.01' .010) 1.02) .013} 1.02) .023) 1.04 .018 1.03 ~~ .010] 1.02 
Carbon-residue  in- | | | 
crease, per cent... .. 04 | 1.12 .17 | 1.59) .10; 1.36) .05) 1.15 .02, aa 08 | 1.35 
i | 
1 Rerun after overhaul. 1D equals difference; R equals ratio. 


TaBLE 22.—Differences and ratios of average results of runs with reference oil in 
each test serves 


ets | eee | tee | eres | neem | eee | Meeenecen | -cmmeimemgmcmenete, | een: fp fee 


Piston carbon, grams..} —0.35 , 0.85/—0.41 | 0.79 |—0.42 | 0.80/—0. 44 | 0. 80/—0. 12 | 0.95 |—0. 53 | 0.83 
Combustion chamber a 
1.09} —.43 | .95] .51 | 1.06 


carbon, grams....... 2) 11-119) .82]) LO] Lan. 
Insolubles, per cent...| —.026 .91 016, 1.05 | —.070] .82 — "108 . 78) —.012, .96 . 052] 1.19 


thousandths of a 


| 
pound..............) —.2 | .99] 45 |1.19|-46 | .85\-42 | .s7i-24 | .80| 63 | 1.28 
Viscosity increase, 
seconds ....2...2.--- —12 .771-1.5 | .95| 2 1. 03)—9 87] 1.5 | 1.04] 8 1.19 
Oil consumption, | 
pounds.............. —.25 | .96/ —.99; .86 -81 Pe a0 87); =.16 | 1.02 -01 | 1.00 
Horsepower. .......... —.77 | .98) —.02 | .900) —.41) 99, —.49; .99 —.4 | .99) .6 | 1.02 
gains ¢ fuel consump- | 
Soe ee eee ~- 005} 99) 002, 1.004] .010] 1.02} .015 1.03) .003, 1.004) —.006} .99 
Csrbon residue in- 
crease, per cent... _. ~.025; 93} —.125: .70 | —.10 . 74| —. 04 89: —.02 | .92 .06 | 1.21 
Temperature factor...) —1.25 | .98| —.05 | .999,-1.37| .97/-1.45 8) —.60| .99| 1.08 | 1.02 
1 Reruns after overhaul, 3D equals difference; R equals ratio, 
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TaBLE 23A.—Résumé of differences of values of operties and test results of test 
and reference oils given in 19 to 22 


Alkali- Emul- 
Vis- Oxi- | Carbon 
Oil Be | eee Nec, | cosity, | dation | residue, 


seconds | number | per cent 


number per cent 
ea ache Sota! 0. 49 5&5] 87.5 4.0 15/ ao 
Bad (Mak) soc cece tule oose soos se ees wie Siac sG ei a beeline ts owewel Vac| sees acess aeuwenbae ocsveucex 
Ore MOVE) esse ceceec cveadsuss saeco cue loose esa a| dee owen een seces -ooeuvens louse amend omewcese 
ox Se, Senge aer rereee 97 5 51.5 —6.0 40 01 
2 (MBN) jose os tee tocns bateuves. ue rececss eee sere Leese ete odessa eet 
B22 (AVG) odode tecesliowbte sds ceeeSecec eee sceclaconohe—s[oscc ecu es 5s iictan|Menereawclaucadoess 
<} Lhe tte ice rue . 56 85! 6562 4.0 194 | 05 
§-2 ean ee Tene eee! ye ae (olin ee ee eee Ie rt Ml ete ge 
S-2 (AVG.) 24sec osu leeocecic~|osccsceet lsascectec scusecees|wenecece Wegner 
Do See marae hake 31 5 25.0 6.0 3 —,02 
SE Weis + ot eee See DAR MANE aetanlti a MONE tetoes Os Poe nee eos, RPE see: | Nee eee ae 
BH2 AVG) i oe eet es edie neeecsenias peice ec aoe cece sees 
ae} Uy ataietcneaad 31 5} 25.0 5.0 3} —.02 
= (ines) 
S20 (MOR) sao siteee a etc nes seaseels Genera eacousen! beetsoien Uossttccel geen, 
§-2 ate eee tebarsed Nels ulna senesced Wesceteun Gene ecto le bosereweleeneaete 
a} deat ania .49 5.51 87.5 4.0 125 .01 
8-2 (ier spo whereas patent Sante aCe Clas Se lle ae oe eee ean es ates 
a2 (68) aca ce le teed |G eons. Je oanleageedhod[seageenee | anes 

Total 
Com- insolu- Vis- Oil 
bustion | Insolu- | bles, cosity con- Horse- 
Oil chamber] bles, thou- increase,| 5Ump- war 
carbon, | per cent | sandths seconds tion, po 
grams ofa unods 
pound 

A= Bede tas ate 1.73| 0.071 $8) 21 09%] O8 
§-2 (max.).......--- 1.17 . 043 6.5 14 L12 15 
S-2 (avg.)....-...--- —. 026 —.2| —12 —. 25 -, 
Bo este eee 2.34] .078 16| 2% 178) Li 
8-2 ea eee 1. 62 . 019 4.7 4 1.00 7 
8-2 (avg.).......-.- —1.19 O15 4.5 —1.5 —. 99 —, 02 
a atseeee OSs cewe ss — 27 e 075 2 3 —2 e 05 e 6 
8-2 oa Dire eres 1. 62 . 260 12.0 16 3. 40 6 
8-2 (avg.).-...-..-- 1.30 | —.070 —4.6 2 81 —.41 
a Seer “| .o73| a2| « | —22] 14 
8-2 (marx.).......-.. 1. 62 - 165 5.9 11 1. 30 1.3 
$-2 (avg. Ve cae awe 69! —.10 —4.2 —9 —1.24 —. 49 
D-1 Tt} eee —1.57| 024 2.0 3 —.05 | 11 
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SPECIFICATIONS AND TESTING METHODS FOLLOWED oO 


TaBLE 23B.—Résumé of ratios of properties and test results of test and reference oila 
| given in Tables 19 to 28 


Alkali- Emul- Vis- Light | Heavy 
Oil absorp-| R. E. sion cusity, Acne boat frac- frac- pes 
tion | number | N aQH, 100°F ., number 2 cont tions, tions, ? 
number per cent | seconds pe per cent | per cent 
‘= poles a dene 25.5| 466] 87.5] Lo| 124 Li! Lal 129 1. 04 
8-2 (max.)........-. hieSdeael adkeseet ececeus Leuccewes Sue res o|oeece Gore Rasen coee| acuteccns 1.19 
Bod (AV Gos ce os as Fe ee ti a cal ee alia ae . 85 
— 333| 1.50| 515 98 2.5 11} 230} 133 1. 25 
gy a bcc) | CAE ass Une emt EM, (Else Aes (Oem (SM EREES een eee eRe Stem TRaSrie Fn AN eeee 1, 49 
Bod (VG) cca fe cacanens seencewec| saoscetece ectwekedceesacaet Pee: cen Meter mere .79 
ay bee iba Bra 1.0| 195) se2} Lo 9.8 16] 1.18 . 80 1.30 
a LL 2 eee ae ee A ee Leen, Cena an (eee nei! AUER Sean LN eee ae eerd (anaes 2.09 
BP AVE ote ce tel eck ood ecw 2 Seaeeewhe eceaeccenlteut meted ace: lecw  leeeweence . 80 
D-2 = Seneca fanseca 7.2 L290 | 19 102 L1 8 92 L14 105 
8-2 (max.)..........]..-.--.-2/20..- 2. Scere erin eee woe Pooh ieee tlle Des Seat ote Oca el ke ta 1.93 
2 (avg.) wot davauce seer ets oc eee Diet wicmoce a kos eee te oom deen ie eta eolennseotes . 80 
st ustncee nets 7.2 2 | 19! Lo L1 g 92) 1.14 82 
Bao (MAE Jeo ee eh ho teal ee wee ae dese tere NEE BS RD (eae ae me Nee RAE Ten 1. 07 
BJ (AVE) osc csc eed a ooo eee ao lecec anes Lace hate Slee fim, w® lee) leer Ne aie eases 1.05 
= Sete 25.5 | ° ass 87.5} 101! 124 Li} ona} Lay 80 
Se (11) \ Ot) ee eer MRT (es Ae Le eee! ee eC Ne LA nem Deve mree) WEPEEN wines 1.35 
BP (GUE) ce Ne aren | ce tetcen | ds nngattee (ees Ley eee age he, Whe, ent cae tate ate uaee 83 
oil factor 

A-2 

Tate ae 1.01 
8-2 (max.)_..._..... 1, 12 1. 08 
S-2 (avg.)......-... .98 
Lay 1.04 
B- Ffec°eea SB ®aaoananeuasee 

8-2 (max.)......-... 1. 02 
8-2 1, 00 
Gag vroote eee 1. 
8-2 (max.).........- 1. 02 
5? (avg.) Ree eee .97 
D= 1. 02 
8 1. 04 
a 98 
Da fa, ee aes 98 
8-2 (max.).......... 1.01 
8-2 (avg.).-......-.- . 99 
a) 98 
A-l 
8-2 (max.)_......... 
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